WAR DEPARTMENT TECHNICAL MANUAL 



AIRCRAFT 
ELECTRICAL 



SYSTEMS 



WAR DEPARTMENT ♦ FEBRUARY 1945 



WAR DEPARTMENT TECHNICAL MANUAL 

T M 1-406 



AIRCRAFT 
ELECTRICAL SYSTEMS 




WAR DEPARTMENT • FEBRUARY 1945 



Vmh-d Stales dXvtntmrmf I^mliatf Offer, Wnskuujlvi*: JV4H 
For sate f*v the Suf-fr\atet\dtnl of DatumnMt, U* S. GaivntNuttt f'rinlitw Ofivif 

QigiliiBdhyV S IL UNIVERSITY OF CALIFORNIA 



WAR DEPARTMENT 

Washington 25. D. C 15 February 1945 



TM 1 — Hi r?*^, Aircraft Electrical Sj^lck i-- puti Lished far thr In/curoi-tinn met ^uidinire 
of alt concerned. 

[AG J00.7 (0 Oct 44)] * 
By ordpr. of ihi ; Skkmakv of War: 



AAF(5); AGF(5); A5F{2) : Dept(lD)- Arm & Sv Bdf2); Tech Sv(2) ; 
SvCOO); PCisn > ; ROTC(l); A(10); CHQ(lO); D(2); Bo 9> 11(2); 
AF(6>: WfO . Gtfy, S(C5) r T O * E: i-4SbT(iu); 9-7(3); 9-167(3) ; 
lt-l!7S(3). 

For explanation of symbols^ sec FM 21-6. 



Official: 

J. A. UUO T 

J\Liivr Ciener*il t 

The AJjxtJiit CttneT-il. 



a C. MARSH A I T. 

Chief of Staff 



T>!si KIM' rln*v\ 




ii 




Original from 
UNIVERSITY OF CALIFORNIA 



CONTENTS 



III. 

IV, 

v. 

VI. 



X. 



■ * i 







I| H Dnr<(t^cun»nl Circuit] 



j j ■ i ■JBLJBi.iHJBLJBBiaaai&a 



U J . L .. ■■«>>! ). .fill 



OF V«lTOB* Inr Induclipn . 
Pw *IPPrtVfll Irvg Linrvrn 



i ■ i ■ ■ ■ ■ ■ ■ ■ ■ ■ » ■ 



JKh ftflnartlcrL and K» e u Infer Syifwni 



■ ■■■■■■■■■■HI 



■l4^Tt4 



,-- r --- J -----T 



■■■r^- r . ■; ■ 



XI. Miliar Syxlimi - ----i--r---------i - - - - * * 

XII. Staffing Spi 



aJBBBiaaB -■■■■-■!<■■■ ibbij ibi ■ ibi I b b l i 



XML 



XIV. L-nhUng . . . 



XV- Wiring 



*VI, Airillinry 5 r it«ni 



).LJBLJ.ajJ.JJBBflBB t 1 BJ.BBJ.BBLLJ.JI 



I"? 



ID— 16 



17-26 



■ ■■iiBria-r-riaaiiai ia-riararB-r + ri- I?**^^ 



49-54 



r-in- rn---i---------i--T--r----n---i--r-i 103™ t U 



113-117 



■ PiiiPi B !-rii-pi-p--i-ai--p--a - ■ - - p ■ - - p i II B™ 123 



124- [27 



^ r i. i | i ■. ■' i> nil i'f ■ i v i ta r ■ r I ■ t f pl.t 4 i + f. I'l.f ^. I i f |l 1 



1 



B 
17 
23 
23 
35 
45 
56 
BO 
SB 
103 
115 
us 
12ft 
140 
144 



rV]5S634i .Jinalfrani 

>byOOiK UNIVERSITY OF CALIFORNIA 



r*(V manual svptritdti TM l~m, I* April 1942 
SECTION I 
GENERAL 



1 . GENERAL, <j. This manual is intended as * source 
of j^eaeraJ Information regarding the principles of op- 
eration and iriacntcnancc of electrical equipment used on 
aircraft. Specific information and the most recently au- 
thorized maintenance procedures for each type of equip- 
ment will be found In Technical Orders which should 
be fallowed in all cases. 

b. Electricity is used on aircraft far imtiy purposes. 
Jt furnishes light, heat, and power. Some examples are: 
Starting the engines; igniting the fuel charge in the 
cylinders (fig. 1 ) ; operating various types of light* 
(fig. ?), instruments, radio equipment, turrets, bumb- 
bay doors, signal desires, etc. The advant ages of elec- 
tricity lie in its ease of control, ease of distribution and 
the many uses to which it can be adapted. 
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Ci To maintain electrical equipment, one should know 
the fundamentals and principles of electricity The first 
7 section* of this manual co-ver ck^brical fundamentals 
and should be studied thoroughly. 

d. Analogies have occasionally been used to make 
electrical fundamentals caster to understand; however, 
they sometimes do oot exactly represent the scientific 
explanation of the fundamentals. 

2. WORK. Electricity is one form of energy. Energy 
may be briefly denned aa the ability to do wort. 
Mechanical energy, heat, and chemical energy arc other 
forms. Surrounding every pa son there is some Form of 
energy and man is able to transform one form of energy 
to another. In aircraft, mechanical energy is trans- 
formed (converted) to cletfrEcpI energy and electrical to 
mechanical. Electrical energy is doing work when it 
operates a motor for bomb-bay doors, landing gear, gun 
turrets, starters, etc. 

3, ELECTRICAL VOLTAGE, a. Electromotive force, 
electrical pressure, voltage! and difference of potential 
are names given to the force in electricity that pushes 
small charged particles through the wires (conductors). 
Most of the present aircraft have 12 or 24 volts of 
pressure, Generators and storage batteries are two 
sources of tilts electrical present: Or force. The alter- 
nator (alternating-current generator) is also used On 
modern aircraft as a source of electrical energy and cjn 
set up a pressure of 1 15 volts. Some airplanes now be- 
ing designed wilt have 3- phase, 4-wire alternators, the 
voltage between phases being 208 and between any 
phase and neutral, 120 volts. These generators make 
possible the operation of 3-phase, 2fJK-volt equipment 
and single-phase 120-volt equipment from the same cir- 
cuit (par. JJc). 

b + The amount of voltage or difference of potential 
is measured by a voltmeter the construction of which is 
described in paragraph jl r The two wires (leads) of 
the voltmeter arc connected to the terminals of the unit 
the voltage of (or at) which is to be measured (fig. J). 
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A. ELECTRIC CURRENT, □ . ^hen a generator, alter- 
nator or battery produces a vollage or force on a con- 
ductor, this voltage pushes link- d urged particles (called 
electrons) through the conductor. The movement of 
these electrons through A conductor is referred to as 
electrical current. 

b. Current is measured in amperes by jn ammeter 
(fig. 4) which is described in paragraph 32. The sym- 
bols used to express Current arc / and (sometimes) A, 




F'tmn 4r MtJiHffiis tutrtrU ti-it& jit s^metet. 

5. ELECTRICAL RESISTANCE, a. When electrons 
pass through conductors they meet with varying degrees 
of difficulty. This difficulty is called electrical resistance. 
If a wire is of large diameter, the degree of difficulty is 
less than when of small diameter (fig. }) ^ The wire 
(conductor) will get hot if the electrons find grtut difR- 
culiy in moving Resistance is also affected by length 
of the conductor, material of which the conductor is 
made, the temperature of the conductor. 




charge of electricity. Whenever a charged body comes 
close to another non-conductor or to a conductor op- 
positely charged, the electrons will jump from the one 
body to the other and thus produce a spark. Almost 
everyone has experienced this spark when shuffling across 
a rug on a cold dry day and then touching a metallic 
object. This spark could be avoided by holding a wire 
connected ro the metallic object in one's hand while 
shuffling across the rug. 5uch a wire provides /or the 
harmless non sparkling discharge of static electricity. 
Since wires used for this purpose are generally connected 
to (or touch) the ground, they are frequently referred 
to as ground wires, 

b. Electrons may pile up on ad airplane while in 
flight SO that there is a heavy static charge remaining; 
on the airplane after it is landed. A disclnrge of this 
static electricity between a gasoline hose and the tank 
might result m a dangerous ex pi oh ion. for this reason, 
airplanes are equipped with a ground wire which is 
fastened to the metallic part of the airplane and drags 
on the ground to discharge this static electricity as soon 
as the airplane touches the ground (fig. 6), On some 
airplanes, wheel tires wbub will conduct electricity are 
used instead nt a ground wire. Many Other precautions 
arc taken to prevent the dangerous discharges of static 
electricity. 

8. SYMBOLS. Figure 7 shows the conventional clcc- 
ttical symbols, 
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b. The electrical resistance of a substance is measured 
by a unit of resistance called "ohm," The symbol used 
to express resistance is R. * or ft, the latter 
being used as an abbreviation for ohm." 

6. CONDUCTORS, a. A conductor is a substance 
which is able to transfer electrons with comparative ease; 
in general, metals and their alloys are good conductors. 
In aircraft, copper is the common conductor used to 
transfer electro its Mo conduct electricity) to and from 
electrical devices such as navigation, landing, and in- 
strument lights; motors operating landing gear mecha- 
nism, rwrnb-bay doors, flaps, etc. 

b. A substance that cannot transfer electrons with ease 
is an insulator or non-conductor. Non-conductors are 
used to cover or insulate a conductor (were). Some 
common non-conductors (insulators) are mica, glass, 
rubber and bakclite. Specially treated cambric and nylon 
are materials commonly used to insulate electrical con- 
ductors, in aircraft, 

7. STATIC ELECTRICITY, o. A conductor or non- 
conductor Can have an excess or deficiency of electrons. 
Tn this unbalanced state, it has a static (not moving) 



9, ELECTRICAL CIRCUIT. 0. An electrical circuit is a 
L ]med paih through which an electric Current Lan flow. 
A copper conductor usually forms this path. In figure 
S, a wire is run from the battery to a fuel pump motor 
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and bade to the battery to complete an electrical circuit. 
In most airplanes,, the return path is through the frame- 
work or other metal portion of the airplane's structure. 

b. A short circuit is frequently the cause of electrical 
troubles. If the wire leading from a battery to the fuel- 
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pump motor and back to the battery completes a path 
before it reaches the motor it will have its circuit 
shortened (%, 9)< Therefore, the motor will not run, 
when i short circuit is present 
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SECTION II 



DIRECT- CURRENT CIRCUITS 



10. OHM*$ LAW, a. The symbol tor vdtage differ- 
ence between terminal* of t toad unit (starter motor, 
formation lights, etc.) is E. I represents current, 
measured in amperes, R represents the resistance of the 
toad unit and is measured in ohms. The relationship 
between the three is known as Ohm's law and may be 
expressed by the following formulas : 

<1) Amperes — volts divided by ohms; or / =-|- 

1(1 = 4, E = B y and R = 2 t the following is 

obtained l (4 = -^-). 

(2) Volts — amperes multiplied by ohms; or £ = 
IR. Substituting values given in (l ) : S — 
4 j£ 2. 

(3) Ohms — volts divided by amperes- R a -t- 

g 

Substituting values given in (1): 2 — ^ — 

b. If voltage and resistance are known, formula (1) 
tan be used to find the amount of current (amperes) 
used; if current and resistance are known formula (2) 
can be used to find voltage; if current and voltage are 
known formula (J) may be used to find resistance, 

c. A convenient way to remember these relationships 
Is by the use of the diagram in figure 10. If one places 
a finger over the symbol representing the unknown quan- 
tity, the operation to be performed with the other two 
quantities is shown hy the direction of the line between 
them (the vertical line signifies multiplication iod the 
horizontal line adenines division 1 
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Ft£Mwt 10. Or** for Ohm't Aw, 

11. AIRCRAFT ELECTRICAL CIRCUITS, An eJec- 

trical circuit is a closed path through which electricity 
can flow. A typical electrical circuit consists of a hit- 
tety. gettirdt&ir, or dtttnjicT as a source of voltage to 
force current through j path; a coTtttmor (wire) which 



carries the tin rent; a switch (control device) to stop the 
flow of electricity or to permit electricity to flow; and 
an cUrtrnd devkt to use the electrical energy (fig. 11), 




PASSING LIGHT 



Figs/re 11. Tyfirat light tircitti. 

Connecting a wire from the source of electricity ( gen- 
erally through a switch) to the electrical device requiring 
electric energy for its operation and back to the source 
forms an electrical circuit. There are three type* of 
electrical circuits used in aircraft^ series, parallel, and 
series-parallel, 

12. SERIES CIRCUIT. A series circuit has one dosed 
path through winch voltage can push the current. Sev- 
eral resistances may be connected to form i series cir- 
cuit as in figure 12. The same amount of current is 
forced through the first unit is also farced through the 
others. To find amperage, voltage, or resistance, Ohm's 
law is used. If four coils are connected in series and a 
current of 7 amperes is forced through the circuit by 
2ft volts, the total resistance may be found by using for- 
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nulla (3) r paragraph 10, In a series circuit, the total 
current flows through each unit. The total voltage is 
etiua] to the Him of the voltages across each separate 
unit. Total resistance is equal to the sum of the resist' 
anccs of the separate units. 

13. PARALLEL CIRCUITS* Most of the electrical de* 
vices on aircraft are connected in pallet. A parallel 
circuit is one in which two or mare electrical appliance? 
offer independent paths through which the Current may 
flow (%. The voltage across each appliance is the 

same The total current is equal to the sum of the cur- 
rents in each appliance. The total resistance is less than 
the smallest resistance. The mote electrical devices or 
resistor* connected in parallel the smaller the resistance 
of the complete circuit. Electrical appliances are con- 
nected in parallel to decrease resistance and to allow 
them to be operated separately. If one appliance In a 
parallel circu.Lt burns out, the others will remain in 
operation. To And the total resistance of a parallel cir- 
cuit, use the following formula: 

if 1 



or: 



F = 



I 



1 
1 



— etc. 



l 



When the load units in parallel have equal resistance, 
this formula may he simp lined: 

g resistance of one unit 

the number of units 
For example, the total resistance of ten 5 -ohm uqrti 
connected in parallel is 5/10 ohm. This shows- again 
that where two or more units Us connected in parallel, 
the effective resistance of all units together is less than 
rhar for the unit with the smallest resistance. 




14. SERIES-PARALLEL CIRCUITS. There are a few 

series-paialiel circuits in an airplane, Some aircraft 
starter- motor field circuits are connected in series-parallel. 
A rheostat in series with the formation lights is a series* 
pariUcl circuit (fig, 14). Each unit is grounded, that 
E&, one terminal of each unit is connected to the metallic 
airplane structure; thus the metallic airplane structure 
provides the return path to the battery, 

15. POWER IN DIRECT-CURRENT CIRCUITS. IWi 

is the rate of doing work. For instance, an aircraft 
engine is rated In horsepower. One horsepower is equal 
to the work done in raising a 550-pound weight 1 foot 
in 1 second (fig. 15), Some aircraft engines will 
develop 2,000 horsepower or more. The electrical unit 
of power is the watt, 746 watts of electrical energy is 
equal to 1 horsepower. The number of watts used is 
calculated by multiplying amperes by volts ; for example, 
a starter motor using 70 amperes with a pressure of 24 
volts uses l s 6SO watts of eletirical power, By dividing 
1,660 watts by 746 watts (the rlectrieal equivalent of 
1 horsepower) It will be found that such a starter motor 
will develop approiimately 2 horsepower. 

U. SOLUTION OF SiMfLfc PROBLEMS. O. Table I 

is a summary of the relationships between E, f, ft, and 
ft 

b. The solution of typical electrical problems follows, 
(1) Single l&td unit, (a) Problem. Atypical 12- 

volt aircraft landing light is rated to draw a current of 

20 amperes. What is its resistance when in use (hot*) ' 

What is its wattage? 

{£>) Svttitum. Find the known and unknown values 

as follows: 

£ = 12 lotts. K — ? ohms. 

I = 20 amperes. P ^ ? ohms. 

Choose the appropriate formula from paragraph 10a to 

determine the unknown value. In thi* case, by u» of 

formula (5) 

E 12 
J! — — j- or R — ——— = 0.60 ohms resistance. 

To determine the wattage, use power formula given in 
paragraph l6. table I. Thus, by use of this formula: 
P = 1 2 X 50 = 240 watts. 



Figwrt I J. Simple pjriHei (trritif. 



■ Unless otherwise specified, current ratings of e tectrica] de- 
vices art given under operating condiu'ons (in, this case "hot"). 





Pfipiiff 


Cunisr Sow 


Ohira 
RciiiciiiDC 




Meter used 


Voltmeter in parallel 


Ammeter in series 


Measured with ohm- 
meter or figured 
from formula. 


Voltmeter and am- 
meter 


Series circuit 




f T ^ 1 1 ^= !•* ~ Jg 




WftttS , 

746 =^ 


Parallel 


E T = E i = E i = Ez 




&x Ri Ri iS a 


/ X £ = P (watts) . 
Watts 
746 = ^ 



Digitized by GoO^lc 



Original from 
UNIVERSITY OF CALIFORNIA 



(2) £W mnht im series, <*) Probitm. A small 3- 
*olt cockpit iniirument limp. similar to a tiny flashlight 
bulb T is operate J successfully on the 1 2 voir 4< circuit 
of an airplane by use of 68-ohm scries miner. Figure 
&J] of the unknown vaJuct 

(A) SolMton. Draw a diagram ^nd indicate the 
known valuer it the appropriate places. Tabulate the 
known and unknown values for each load unit and the 
complete circuit, as. follows: 

Ldmt Reshior C&mfilri* Circuit 

£ = 3 voki, £ — ? volts, E = 12 voltt, 
I — ? amperes. I — ? amperes. / = ? ampetei- 
R - > ohms R = 68 ohffli * = ? ohms, 
p — ? wattt. P .= ? watts, P — ^ warts. 
No set procedure of solution is recommended intwmtb 
as the procedure most be fiestgned to fie each case, at wUl 
now be shown. First, it is to be noted I hat the formula! 
cannot be successfully applied in the case of etitier of 
the load units, or the entire circuit, inasmuch ** only one 
of the terms £ I, R r and P (and not two a* required) 
is known in each case. Therefore, it is necessary to 
make use of known relationships between the load units 
and the entire circuit. The sum of £ for the resistor 
and £ for the lamp should he equal to £ for the entire 
circuit (paragraph 12), Therefore, E for the resistor 
must be 9 volts. This having been determined,. / and P 
for the realtor can be determined as follows: 



P = £f = 9 X 0.132 = Uf 
Inasmuch as the current 1 must be the same throughout 
the series circuit, it follows that I in the lamp and in the 
entire circuit Is 0.IJ2 amperes. R and P for the Jamp 
may now be determined u follows; 



£ = 
jc is — j— 

P =: £i = 



22,7 



D.132 

X 0.132 = 0,596 waits. 



i: 



- 90 9 



0.132 

P = £/ = J 2 X 152 = l.tt wim. 
The sum Of the wattage of the lamp and (he resistor 
should be equal to the wattage for the entire circuit. 
Also, the sum of the resistances of the load units should 
equal the total reliance of the circuit (par. I Z), These 
conditions are satisfied within allowable limits by the 
foregoing solutions, wid the accuracy of the calculation* 
j=, rhus verified. 

(3) jLjjJ units in srries-parMiri. t» Pwbltm, 
Three resistors are connected to a 1 2 -volt battery in such 
manner that current Sows first through K,, theft through 
IT, and Rj in parallel, and bade, to the batter) The re- 
sistance v*lu« of R lm R+. and are 2 2/3, 2, and 4 
ohms, teipcciively Calculate the rale at which charge 
wilt flow out of the battery. 

(b) SqIhUqh Draw a diagram and indicate the 
known values it the appropriate places {%. 16), The 
of Ri and R s is found as follows: 




The addition of thit resistance to that of R K (I 1/3 
ohrm) gives a total of -I ohms for the net resistance 
of the drtuit. The current drawn from (be battery wilt 
then be — 

£ )2 
I = -g- = — — 1 Amperes. 

(4) fW vfiitt /tf fijmJIei. {a) Prvhhvi. Six 4^ 
watt navigation lamp bulbs are operated tn parallel on 
a particular aircraft which uses a 12 -volt d-c system. 
Hnw much t li r rent does each bulb draw? What is the 
resistance of en h * I urn hot? What the total current 
drawn 3 What is the resistance of the entire circuit"' 
What is (he total power demand' 




Fig ■*# 1 4 ■ A 



(£») Solution. Draw a diagram and indicate the 
known values, at the appropriate places (fig. 1 7). Find 
the known and unknown values for each load unit and 

for the cntur Ljrfmt aS follows: 



Ejit' Ump inik 
E 12 volts. 
f . > am fierce 
R = f ohms. 
P = 4 



Entirt tirtMit 
£ = 12 vol E I, 
/ — ? amperes. 
R = ? ohms. 
P — } watts 




First + attempt to apply Ohm's law to any of the units 
or to the entire circuit. If two of the three terms £, / 
and J? pertaining to any one of the units or to the entire 
Lireuit air kiiown. Ohm's law can be applied in the 
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manner shown in paragraph 10. [f only one of these 
three terms is known if P is known, the problem can 
be solved by use of the appropriate power formula. 
Thus, in the present example, it is seen that Ohm's law 
cannot be applied immediately. Bat the demand of 
each lamp is given as 4 watts. Its current I, may be 
found by using the for/Hula P r= El: 

A = 12 X h 

Or t 



The same result would be obtained by dividing the 
* resistance of 1 lamp (1& ohrns) by the number of lamps 
(6) since the lamps have equal resistance (par. 13). 
The power demand of the entire load can can be deter- 
mined by use of the power formula as fallows 

P = I X E = \2 X 2 - 7A witES 



1=± 
12 



— ampere 

The remaining unknown vatue for each bulb, R r can 
now be determined by use of OhnYs law. Applying 

the formula R = — 1 

R = = 12 X 3 — 36 ohms 

73 

Since there are 6 limp bulbs each drawing 1/) of an 
ampere, it is seen that the total current will be 2 am- 
peres. The resistance R of the entire load circuit may 

now be determined by use of the ' 

as follows: 

R = ^ = 6 ohrris 
2 
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Figffrt 16. Lead utiti j* iwritt'-pstaNeL 



It should be noted that the- same total power could be 
obtained by multiplying the> 4-watt demand of each 
lamp by the total number of lamps (6). The fir it pro- 
cedure would work if the load units were to possess 
unequal resistance ; the second procedure would not. 
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SECTION til 



MAGNETISM AND MAGNETIC DEVICES 



17. CHARACTERISTICS OF MAGNETISM, a. The 

fallowing fids may be observed with respect to the 
beWior of magnets: 

(1) The ends of 9 magnet are mere active (mag- 
netically) than its central psnrt. If a magnet is dipped 
into a box of iron tilings, more filings will cling to the 
Cfldj than to the middle (rig. L3). The ends of a 
magnet arc called its magnetic pries, 



MAGNET 




Figure IS Atimiiott a] flings to j magnet. 

(2) If a magnet is suspended at its midpoint by a 
fine thread, it will always come to rest with one particular 
pole toward the north r This pole is called the magnet's 
iwrtb pole; the other pole is its south pole. 

(3) If two magnets are suspended at midpoints by a 
string and are free to move, their like poles repel each 



other, whereas their unlike poles attract each other 
(fig. 19). 

{4) The magnetic force of a pole is comparatively 
powerful in the area surrounding the pole but becomes 
weaker farther away from it, Considerable force is re* 
quired to detach an iron nail from a magnet l but once 
die nail has been removed a short distance from the 
magnet it may be removed farther with relative ease. 

b. The needle of every magnetic compass is in reality 
a magnet. It has a north and a south pole, It is 
mounted on a pivot having very little friction, so that 
it may turn easily under the magnetic influence of the 
earth. The end of the compass needle which points 
northward is a north magnetic pole (by definition) 

IB. MAGNETIC FIELD, a. A magnet is surrounded 
by a magnetic field. The space around a magnet in 
which its force may be detected is<alled the magnetic 
fvtld of the magnet. 

b. The magnetic field is made up of Vines of force. 
The manner in which the lines of farce arrange them- 
selves in a magnetic field of force may be observed by 
sifting iron filings upon a piece of paper above a bar- 
magnet. The filings will arrange themselves in accord- 
ance with these lines of force (fig. 20). 

c. Tests for direction of a magnetic field around a 
wire arc performed with a compass needle. The north 
pole of the needle is attracted in the direction of the 
held, white the south pole is pulled the other way. The 
two forces cause the needle to turn until it becomes 
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20. MAGNETIC INDUCTION* The temporary magnet- 
j ration of a magnetic material (one which can be mag- 
netized) is known as magnetic induLtion, Magnetic 
induction take* plate whenever a magnetic substance is 
brought do-* to, Or in contact with, a magnet (fig. 35). 
Watch flirts or other magnetic substances may , become 
magnetized when brought into the vicinity of a magnet. 
Magnetism from a rotating magnet of a magneto in- 
duces magnetism in the pole- shoes, \Micn the rotating 
magnet dues this it forms a magnetic path from the 
magnet, to the pole shoes and back to the magnet (fig. 
26). 




® ® 
Fif*rf 25- Magnetic induction. 

21* RETENTION OF MAGNETISM, Retention of 

magnetism ii the ability of a magnetic ud piece of metal 
to hold its magnetism. Some magnets will stay mag- 
netized longer char others. The length of time a magnet 
retains its magnetism or stays magnetized depends on 
ihe material of which it is mailt, .md the way it ls han- 
dled. Alnico, j a alloy composed of .duminum, nickel 
and cobalt is dtrnndr to nuciiniie hut will stay mag- 
netised or retain Lts magnetism indefinitely if properly 
handled. If any magnet is heated excessively or ham- 
mered it will not retain its magnetism. Magnets made 
of soft iron ate easy to magnetize but they will not fe- 
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tain magnetism long. The magneto pole shoes (fig. 26) 
arc good examples of magnets which retain magnetism 
for short periods of time. These shoes can be magnetised 
and demagnetized readily. Generators have electro- 
magnets that wilt not retain their residual magnetism 
if heated excessively or if abused. 

b. There is usually just a little magnetic effect left in 
a piece of iron which has been temporarily magnetized 
by induct con. Tins remaining- magnetism is known as. 
Ttiidttal magntitsm. Generator and motor pole pieces: 
have a little magnetism retained as residual magnetism 
when the unit is not operating; however, this magnetism 
is not retained long, tf a generator or motor is not used 
for a long period of time, if it is heated excessively, or 
if it is handled rough! y t the pole pieces may lose their 
residual magnetism. 

22. MAGNETIC CIRCUIT, d. Gtnirtil. An tinmag- 
netized niece of soft iron will become temporarily hut 
powerfully magnetized by induction if placed across the 
ends of a U-shaped (horseshoe) magnet (rig. 27). The 
rotating; magnet in a magneto can temporarily and pow- 
erfully magnetise the pole shoes and coif core. If the 
area surrounding the U-shaped magnet or magneto pole 
shoes is checked for magnetic field strength, the field will 
be weak since the magnetic field is concentrated in the 
<*oft iron and magnet which make up a ntagntik circuit. 
The field within the circuit may he represented by tines 
which arc given the usual directions with respect to the 
poles in the circuit. 

V Magnetomotiw* f&rce. Magnetomotive force, or 
m.tii.f., is the name applied to the magnetizing influence 
which a magnet or coil of current cany ing wire can exert 
in a magnetic circuit. It corresponds to e.frt.f. (par. J) 
in electrical circuits. The field coils of a generator when 
carrying electric current exert a m.m.f. The amount of 
magnetomotive force these field coils exert is expressed 
in amperc-tums, One ampere of current flowing through 
l turn of a coil, constitutes 1 ampere- turn. r\ generator 
pole having 20 turns of wire around the pole with 10 

Original from 
UNIVERSITY OF CALIFORNIA 



POLE ftfOC- 






rOLE ShOC 



© TWO POLE ® FOUR POLE 



Jtnperes flowing through it witl exert 200 ampere-turns 
of magnetomotive fort*. 

c. Flux. Flux in i nuflrteiK circuit is similar to cur- 
tent in in electrical circuit. Flu* may be represented by 
lines of force which are imagined to exist in the circuit. 
The greater the number of rums of wire (that is, the 
greater the number of ampere- turn*) i generator pole 
contains the greater the current through them, the 
greater the magnete rtux. 

d. tialucfonc*. Reluctance in a magnetic circuit is 
similar to resistance in an electrical circuit. Reluctance 
determine* how much flux will be established when a 
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given amount of m.m.f. is applied to the circuit. He 
greater the reluctance; the fewer will be the flu* tines 
which a ,nvrf» m.rn.f. can establish in a magnetic circuit. 
The shoru-r the h-tigth -ind the tlmker the lioss section 
of parts of the magnelii" circuit, the smaller wilt be its 
reluctant v. The closer the pole piece? are to the jn na- 
ture, the li>- 1 1 bl! reluctance. 

m. mterreltjHoriship. Magnetomotive force, flux, 
and celmtaine .ire interrelated in a manner similar Lo (lit 
Ohm's law relationship between the corresponding ijeuO- 
titles in the ekctrial circuit (voltage, amperes, and re- 

23. ELECTROMAGNETIC FIELDS OF COILS, a. If a 

current h [sis-n-d through a toil of wire consisting of 8 
turns closely wound, and an equal current is passed 
through a single; -turn loop «f the vajfie diameter i& the 
coil, the magnetic fields will be found to be almost iden- 
tical in direction at every pwint. However, the nugntiic 
field strength of the H turn coil will be approximate I y 8 
times tin' of i single-turn loop since the fields of the 
eight turns are virtually parallel with each other at every 
point T and their effects are therefore Cumulative at every 
point. 

b. If. however, the « turns are spread out into a heli- 
cal coil or solenoid, the magnetic field will be as shown 
in figure 2H. The tietd is very wt;ak between the turns, 
because the- fields of adjacent turns are opposite in direc- 
tion and tend [□ taniel caih other. But inside the sole- 
noid, the fields .ire t umulattvc for the rrntst part, and the 
net result is a *rmng rul- 1 of fairly uniform intensity, 
represented by n early straight lines of force, 

c. Each of the coils mentioned will have a north mag- 
netic pole at one end and a south magnetic pale at the 
other. The direction of the field depends upon the di- 
rection of current How and may be determined by use of 
the right hand rule. 

24. SOLENOID AND ELECTROMAGNET, a. Sole- 
naidL A solenoid may he defined as a coil of wire 
wound .iTdiind a hollow cylinder, and used to produce x 
magnetic field. In aircraft electrical equipment, a "Hild> 
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add" has a tore the whole or part of which is free to 
move. The field of the coil tends to pull the core into 
the coil when the current is turned on. Many eEecirical 
appliances can be cent rolled by this mewu, The starter 
motor has a solenoid whose movable core opens and 
closes (controls i the circuit permitting current to operate 
the motor (fi£. 29). A small wire from the solenoid 
to the cockpit and from cockpit to battery supplies 
enough current to operate the solenoid, A spring is 
placed in the solenoid to push the core back to its. normal 
position after the current has been turned off. 

b. Elecrromogml. (1) The magnetic strength of 
an electromagnet (s> solenoid with a fixed core) depends. 
oh the number of turns of wire wound around the core, 
the kind of metal in the core., and the amount of current, 
sent through the COit- 

(2) Electromagnets are used frequently in aircraft 
electrical equipment such as landing- fight relay, voltage 
regulator, current cut-out relay switch, And generator field 
coils. The electromagnet is frequently employed as the 
essential part of an actuating device, such as is found in 
the landing- light relay or the generator control panel. 
The principle of operation of the electromagnetic actu- 
ating device will be discussed with the aid of th= ele- 
mentary relay shown in figure 5C< A small piece of 
soft iron is fastened to a strip of non-conducting ma- 
terial which is pivoted at one end. The iron is held 
away from tlie core of the electromagnet by a spring. 
When the current is turned on, the iron is pulled toward 
the core, In some case, it is restrained by means of a 
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stop pin from actually making contact with the core. 
At the other end of the non 'Conducting strip there are 
contact points, arranged (depending upon the type of 
relay) to close or open one or more circuits when the 
relay is actuated- The relay illustrated has A terminals, 
2 for its coil, and 2 which are connected to the contact 
points. In aircraft, the relay is employed as a remote- 
control device. By its use, the total weight of wire is 
reduced and wires which carry laigt amounts of current 
«e eliminated from the cockpit. 

25. FOKCE ON CURRENT-CARRYING CONDUCTOR. 

When a wire which carries current is placed in a mag- 
netic field, the field of the wire reacts with the other 
field, resulting in a force on the wire. Figure 31 (T) 
shows a straight wire (resembling a wire from cither 
a motor or generator} without current. It is placed in 
a magnetic field perpendicular to the lines of force pass- 
ing from the north pole to the south pole. Tn figure 
31 ® 1 current is flowing in the conductor. The field 
surrounding the current-carrying conductor and the mag- 
netic field from the pole pieces will result in a force (fig, 
31 ®). The direction of this force is found by the left- 
hand rule (fig. ^2). The left-hand thumb gives dincc* 
tion of motion, the indes finger gives the direction of 
magnetic field, and the second finger indicates current 
direction. As stated before, magnetic fields add to or 
subtract from each other, depending upon their direc- 
tions, If, in an armature wire, the current in flowing in 
Such direction as to create a clockwise field around the 
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wftc, and the Acid from the poles is From right to left, 
the hetdi will jJJ or the bottom at the unnarure wire 
jnd subtract or neutralize it the top, This difference of 
magnetic field will push the wire up, 

36, lORQUE ON CURRENT-CARRYJNG COIL a. 

I'lf tili.lrii. v h: ; -..i.J .!■. f .i Ur'jiili^ IIuiTj::! i\ Lrn^3i 

torcjue | twist injj force). If free to act t torque will pro- 
duce rotation, for purposes of theoretical reasoning, 
consider a rtiTjnpulir coil to be located between two 
[Hilt piece*, figure 3), with current puling through the 
toil in the direction indicated. One conductor will be 
lofted up, the other down. 

b- The exigence ind direction of the torque created 
do a current-carrying toil situated in a magnetic field 
jnjy j I io be considered on the basis of interaction be- 
tween the pole pieces pnd the poles of (he imaginary 
magnet within a currcnt+carrying coil. One may de- 
termine the polarity of this imaginary magnet by use of 
the i i^hr.- turnl rule. 

e. The amour t of torque developed in i coil depends 
directly upon four fatfpr*. the current, the strength of the 
field in which the coil is situated, the number of turns 
of wire i ci (he coH, and the position of the coil with re- * 
\pect to i he rWfd If (he coil carries a steady current and 
is situated in a uniform field, the torque it successive 
positions of the roil will vary with the vjJuc* shown in 
figure When the plane of the coil i* parallel with 
the held, the torque is at i maximum. When the plane 
of the toil is perpendicular to the field, the torque is 
zero, 

27. D'ARSONVAL METES MOVEMENT, a. The 

J) Artam jI tj'pi' ol" meter movement has wide applica- 
tion in Army Air Fortes electrical instruments. The 
essential features of the movement are shown in figure 
$y S and 5 ate the pole pieces of a yoke-shaped magnet 
made of id alloy which is capable of remaining mag- 
net tied at i constant value over a long period of time. 
A cylinder of readily magnetized metal, situated midway 
btrween the pole pieces, draws the magnetic field within 
itself and thereby makes the lines of force between itself 
ind the pole pines approximately radial in direction. Tire 
cylinder become j part of the magnetic circuit, -in J in- 
crt.isfs the fluK by reducing the reluctance of the circuit. 
A movable tori composed of a number of turns of very 
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fine wire, is mounted on jeweled bearing!. Spiral h ai r- 
springi. located at the front and back of the coil, hold 
the coil in zero-current position. If rotated either way 
from this position [no current flowing), the sp tings 
bring the coil back into the original position. A pointer 
at Lathed to the coil indicates the degree of rotation on 
a calibrated scale. Electrical connections to the coil are 
generally mide through the spiral springs. 

b. If current is passed through the coil in the direc- 
tion indicated clockwise motion results. If I be cur- 
rent is reversed, the coil is rotated the opposite way. 
Inasmuch as the current ti limited, in normal use, to 
values which will not carry the coil outside the radial 
portion of (he magnetic field, the torque developed will 
be proportions to the current. The hairsprings are so 
designed that their opposing torque, regard I of the 
direction of rotation, is exactly proportional to the de- 
gree of their twist Therefore, the deflection of the 
pointer is proportional to the current in the coil. 

28. DIRECT- CUR RENT MOTOR, a. The d f motor 



operates on the same basic principle as the D'Arsonval 
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b. Suppose A coil to be in the portion shawn in 
figure 56 (7) and that connections for current are made 
by a pair of brushes which ride on a commutator. Cur- 
rent will flow from the positive terminal of a battery 
to the positive (-j-) brush, to segment A, through the 
coil to segment B, to the negative ( — ) brush, and finally 
£0 the negative terminal of the battery. By using the 
right-hand rule, it will be seen that the armature will 
rotate clockwise. The torque, which was at a maximum 
with the coil in the position shown in figure $6 de- 
creases as the coil rotates, and is at a minimum when the 
coil has rotated through the 90 degrees into position 
shown in figure 36 ®. At this moment, segments A 
and B slide from under the brushes, breaking the bat- 
tery circuit. The brushes are then on an insulator and 
current wi|[ not flow through the coil. The coil will 
coast past this position and the segments which conduct 
current wifl again contact the brushes. Current will again 
flow through the coiL This cu rrent will flow in the oppo* 
site direction with respect to the coil but will continue 
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to enter and leave the at mature (cod) as before. The 
coil wdl have torque in the same direction as before, 
When the coil passes through the position shown in 
figure 36 {§), this twisting force (torque) will afriin he 
at a maximum, The torque will again be at zero when 
the position shown in figure 36 i* reached, but Once 
more the momentum carries the coil past the "point of 
commutation." Commutation, or reversal of the coil 
terminals from + to — and — to -f- Occurs twice per 
revolution* 

c. In order to obtain a steady torque, in practical mo- 
tors a number of coils are spaced uniformly about an iron 
cylinder similar to that in the DArsonv.il meter move- 
ments. This coil assembly is known as an 4riUitNn\ 
The use of a number of coib results in an increase in, 
the number of commutator segments. The coils may be 
wired together in several ways. The efficiency of' the 

•—is conventional si^n fo* current^ Awing from observer 
while — is conventional sign for curccnt flowing (Oft-jrcJ ub- 
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motor rmj r be increased by using four pole pieces and 
four brushes instead of two of each. The principle of 
operation, however N remains the same as previously de- 
scribed, 

d. The torque developed by the armature is increased 
in several ways. 

(1) The slotted soft Iron cylinder on which the arma- 
ture coils ire wound, reduces the reluctance in the mag- 
netic circuits of the motor and thus increases the flux ip 
which the coils nutate The iield in which the coils move 
is made more nearly radial by this cylinder, The cylinder 
itself becomes magnetized by the current flowing in the 
coils, thus improving the interaction of the armature with 
the pole pieces. 

(2) The magnetic circuits of the machine art mag- 
netiied by means of one or more field cniUr These coils 
are energised by the same source of electricity which 
energizes the armature coils. The flu* thus created is 
greater than could be obtained solely by use of permanent 
magnets. This being the cise r the iron selected for use 
in prautLLad motors is not chosen for its ability to retain 
magnetism, but for its ability to be magnetized strongly 

r^^ ^ IXlt^LlffT-OTi 

a. *\ wo cd Nim on ways of connecting the field and 

armature Circuits of a mntmr are .\h(iwn in figure 37- 
When connected in series, as in (T), the motor is said 
to be a "series wound r or series motor. If the circuits 
are connected in parallel, as in ®> the motor is said to 
be a "shunt wound'" or shunt motor. Each type of wind- 
ing has its own advantages and appropriate uses. 



f The direction of rotation of a motor may be re- 
versed by reversing either the connections of the brushes 
or the field coili This will reverse the magnetism of 
either the armature coils or the magnetic field in which 
the coils are located. If the wires to the motor are inter- 
changed, the direction of rOtatum wilt not h* reversed, 
since exchanging these wires wil] reverse the magnetism 
of both the armature and the field, and the torque will 
have the same direction as before. 

g. A part of the energy supplied to a motor is used to 
overcome its resistance. This energy is converted into 
heat and causes the temperature of the motor to rise as 
it is operated. For example., suppose a certain 1 2 -volt 
motor, when running under a constant load, draws 70 
amperes The unit it absorbing energy at the rate of 
840 watts (P = Suppose the resistant between the 
terminals of the motor has been found to be 1/50 of an 
ohm. The rate at which energy is being used to create 
heat is— 

p = m 

= 70 X ?0 X 1/50 
— 9B watts 

It would, hence, appear that electrical energy h being 
used at the rate of 840 minus 98, or 742 watts to produce 
motion. But a portion of this energy is being converted 
into fractional heat in the bearings of the motor, so that 
the actual rate of mechanical energy output may be re- 
duced to approximately 740 watti. Since 746 watts 
e^ual 1 horsepower, the motor h developing mechanical 
energy at a rate of approximately 1 horsepower. 
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SECTION IV 



MEASURING DEVICES 



29. GENERAL. In rhe inspection, maintenance, and 
operation of the aircraft electrical equipment, it is often 
necessary to mt^fure one or more of the electrical quan- 
tities (voltage, current* or resistance), A number of in- 
struments or meters developed for this purpose will be 
discussed in the following paragraphs. 

30, GALVANOMETER, a. The galvanometer i> an 
instrument used to measure very small currents. In the 
airplane, only the mOving-foil gaJvanOJtieter known a* 
the Ars<?nv»| galvanometer is used- The ^jhanomcter 
movement is used as part of the voltmeter, ammeter^ 
thermocouple thermometer, electrical tachometer, etc. 
(fig. JB). 




IPtfiMANENT 



b. When the leads of the galvanometer are connected 
to 2 points between which a voltage exists, a. current will 
flow through the coil of the galvanometer,. The direction 
of Lurtunt flow wiJ[ depend upon, the polarity of the 
voltage. The amount of current flow, which gwercj 
the extent of the Jefleitiun of the needle, will depend 
upon the applied voltage and the resistance of the gal- 
vanometer coil (Ohm's law). 



O. The voltmeter Ik used to naea$- 
diferenire Or voltage between two 



31, VOLTMETER. 

ure the potential 
points. 

b< The d-c voltmeter, as used on the airplane, is a 
galvanometer movement connected in series with a high 
resistance unit (fig. 39). The purpose of the resistamu 
is to limit the current flow through the movement. Most 
voltmeters will give full stale deflettion with Jess than 
0.0 i of an ampere flowing through the movement As 
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the resistance of the fncto is fix* J, the current flow and 
Jrticinon of the nrcdle will depend upon the voltage 
Applied io the terminal* at die meter ( Ohm's Ui* \, The 

KCJi-iirivirj u! j rin.n stullv li it .iv.in. -I m uhnli pir 

volt. A voltmeter with t scak calibrated from to 50 
volts, whkh has a wnutiiity of 100 oh mi pet volt, will 
hjtc i total resistance ol * r 000 ohms. A tWltlr* of 0.01 
Ampere will be required to give full scale derkctum. 

t Voltmeters ire always connected across the elec- 
trical unit or across potnK the difference of potential of 
whuh is to be measured (rig. 40). Tu obtain the COf* 
r Cl ( direction of deflect Km of the needle, the (4-) tor- 
minal of the voltmeter must be connected to the point 
of the higher potential. < are roust be exercised not to 
connect the voltmeter to a source of voltage which m ill 
exceed the voltmeter'* scale. If the voltmeter is acci- 
dentally connected in series with the circuit, no hum 



will result to the meter »mce the current wUJ be limited 
by the rujrh ^stance of the meter and [he other units 
ij i iJtL- l i ruth will not urMrrate 

33. AMMETER. O, The ammeter is used to measure 
eleamaJ current flowing ;n i circuit (fig. 41). The 
irrimcict is Sw*p connected in verm with the toad. 
Settr connect the Ammeter across the terrmnAJs of * bit- 
lery or generator ( tig. 42 ) . 

b. The ammeter uic* cssenti*lly the same movement 
(im-i h.iii: .m i .i , ■?!!■ %nlln i h r U ■■■ ■ ri, j current hy- 
is used instead of a current limrler is in a voltmeter, 
current bypass n . ailed a j,***/ The shunt is a 
mistor made or a tperiaj alloy, the resistance of which 
i> Mt affected by any change of temperature. The move- 
ment msy be the iame a* that used in a voltmeter. If i 
movement is used *hida tr^uim 0.0 1 of ao Ampere to 
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give full vale deflect, on far a \0O--unpcrr ammeter, only 
01 uj in ampere will flow Through the meter when 300 
smpcre* t\ measured. The rest of the 50U amperes or 
299 99 amperes wiJl flow through the shunt ( figure 43)- 
s. In *if plinc ioastmction. except for iorne small iir> 
planes, the shunt put of the ammeter u installed in i 




junction hoi and connected in either the plus or minus 
generator It id l~he movement, or cue, is mounled on 
the mtirunxnt panel. With this installation, th* prtrptt 
U*Jt mm tt Musv b* *s*d. No attempt %hould be nude 
to alter their length (tig. 44 J. 

33. OHMMETEft, a. G#n*raL The ohm meter is an 

instrument which measures resistance in ohms. The 
ohmmttrr is composed of a circuit using a meter move 
matt, network of resistors, and i small dry battery to fur 




Quh i he power The meter is calibrated to read the 
resistance of the unit measured directly Most ohm* 
meter* have leveral scales or ranges. One common type 

ohmmetef uses one direct scale and one reverted Kile. 
Another type uses one rcvetsed scale with multipliers, 

h. Volt- ohm meter. The vnlt-oHmmeter is i com- 
bination voltmeter and reversed scale ohmmetef ( tig. 
45 ) r The meter shown has four ranges of voltage: 0-3, 
0^0, 0-300. and 0-600 volts, an J four ranges of re* 
sistances: R, R X W.R X 1™, ^ K X i°O0. 

( 1 ) To use the meter as a voltmeter, place the toggle 
switch in the I 'At position. 1/ the Approximate value of 
the voltage is not known, use the scale hiving the high- 
est range of voltage. To use the 600-volt range place 
the black lead in the negative ( — ) fide, and the red 
lead in the 600~voft jack which is positive (fig, 46), 
Wtth the Mails nrod connected to ihe negative terminal 
ind the red proJ connected to the positive terminal, read 
the voltage un the 600-volt scale. If the deflection is 
small, read the approximate voltage and move the ted 
lead to the jack which will show a larger deJlunnn. In 
using the 3- an J 50- volt scales read tbe values on the 
lo snthvolt ale dropping tht appropriate lam 

{2) To use the meter as an ohmmetcr, place the 
switch in the Rf>'' position. Place the tcM kadi in 
jacks .Y (common to all ohmmeter scales) and R. Ad- 
just meter to teto (holding prods together) by turning 
the battery adjustment knob until the pointer lines up 




ftiw 43. Volt 
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with zero on the ohmmeter scale (fig. 47). The prods 
are then placed on the terminals or ends of the resistance 
to be measured. Do not let the metal portion of the 
prods make contact with the hands. Choose the scale 
which gives a deflection preferably between the eaJibra- 
tion of and 50. Always recheck the zero setting before 
measuring each resistance:. When using jacks R X H). 
R X 10°* and J! X multiply the readings on the 

meter by 10, 100 or 10DO re-ipeaivdy. Caution i Always 
place the switch back to VM position when the meter is 
not in use as an ohmmeter . 
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C. Grew it checking with On ohmmeter. Tic use 

of an ohmmeter is a technique which requires consider- 
able practice. However, only a few fundamental prin- 
ciples arc used. 

(1) Zero ohms indicate a completed circuit (fig. 
43). 




Figvrr 47, Sailing w*t jot use jji ohmmUct, 



(2) Infinite (wf) o3um indicate^ an open circuit (fig. 
'V>Ju Before using the ohmmeter, always estimate the 
resistance of the unit to he measured. Whenever check- 
ing for continuity, use the A' scale unless the unit meas- 
ured has a high resist lime. In tbctkinj; fur a 4]0rt or 
ground, use J? X Ir™ 1 * 1 ^ 1 ground is found, 

rex heck with the R scale to determine the extern Lit the 
ground. Before using an ohmmeter, isolate the unit 
being measured by disconnecting it from the source of 
power. 
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34. VOLTAGE DIVIDER AND BRIDGE CIRCUITS. 4. 

Much of the equipment on the modern airplane uses spe- 
cial circuits in connection with galvanometers as indi- 
cator* and gage*. The voltage divider and bridge cir- 
cuit are the two fundamental circuits usually used. 

b. The voltage divider, or potentiometer, is similar 
to a rheostat (variable resistor) except that it has three 
connections instead of two (fig, Jo) r In using the volt- 




Fit*ft 48. Ci'ivii (baking (complrttJ ritual). 

age divider, the fixed ends of the resistance are con- 
nected to a source of voltage. The movable contact and 
one end then form a source of variable voltage which 
can be used to operate an Enstrunicui, trie. 




Figvtr 4% Ciwrmft rktrt&g fppta firrfri$)* . 



c. The bridge circuit can also be used as a voltage 
divider. It has trie advantage of being able to change 
the polarity as it has two movable contacts (fig. 51 ). It 
may be considered as a double potentiometer. This de- 
vice is used to regulate turbo superchargers, to operate 
gun turrets, fuel rariometers, etc. 
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35. THERMOCOUPLE THERMOMETER, a. A ther- 
mocouple thermometer is used to 
head temperature of a. radi*l engine. 

b. The th<:ntjut0upk (hrrrnumeter COrtsi^S of a ther- 
mocouple, connecting leads, and wi indicating meter 
(fig. 52). The rhcrmocpjplc is a junction of two dis* 
similar metals ( constantan and iron) with i copper gas- 
Let (fig. 3J} r Whenever the copper gasket becomes 
heated, » voJfca$e ill set up at the junction according to 
the difference in temperature between the cylinder head 
and the Indicating meter. This is registered in the cock 
pit on an indicating meter (fig. 5 1). Special leads of 



materials similar to the thermocouple itself are used to 
connect the thermocouple with the indicating meter in 
the cockpit. The indicating meter is ,i delicate voltmeter 
calibrated tfi decrees of temperature instead or" volts, 

c. The thermocouple is mounted on the cylinder 
which operates at the highest temperature. On twin 
radial engines it is usually placed under the rear spark 
plug of the rn&tfcr rod cylinder in the rear bank (fig. 
55). Only the leads prouJt-J for the instrument can 
he used, and at no time should the leads be lengthened 
or shortened 
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36. GENERAL. A condenser is a device used for tem- 
porary storage of electrical energy. J Ms used on aircraft 
as a. voltage stabilizer in the generator circuit, radio noise 
Eliminator or filter, etc. The use of the condenser in 
connection with the ignition system will be discussed in 
the section dealing with ignition systems. 



37. CONSTRUCTION, a. A condenser may be con- 
structed in many different shapes and from i variety of 



b. The pits of a condenser are 2 plates or 2 sets of 
plates, an insulator between the plates called a dielectric, 
nind the connecting leads (fig. 37 J. 

c. The capacity or effectiveness of the condenser de- 
pends upon the area of the plates, the distance between 
the plates, and the material used as the dielectric. To 
make a condenser of a high capacity, a large plate area 
and a thin, hi^h-^uality dielectric should be used. The 
plates are .usually made of tin foil and the dielectric is 
made of wax paper or mica. One type of construction 
is the rolled condenser where the plates, are insulated 
from each other and rolled into a roll (fig,. 5ft). An- 
other common type is the stacked condenser where plates 
are piled up with the dielectric between them (fig, 59), 
Alternate plates are connected together giving two sets of 
plates to which the terminals are connected. 



3(1. OPERATION, a. In a dk circuit a condenser 
will receive a charge from the circuit and will return 
most of the charge when .the voltage of the circuit drops. 
It is in this respect that the condenser acts as a voltage 
stabilizer. However, the condenser will not permit a 
Current to flow through it when a steady d-c voltage i.s 
applied to ity In the cas>e where the applied voEtagi of 
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® CROSS SECTION ® R GLL CONDENSER , 



the circuit ii varying d-c or a.-c volume. a current will 
flow through the condenser. The condenser becomes a 
better conductor of electricity as the frequency of the 
applied voltage is increased. The action of the con- 
denser on best be showm is a thin rubber diaphragm in 
* hydraulic analogy A* the piiton on one title is moved 
toward the diaphragm, the diaphragm will be displaced, 
thereby moving the water an the or her *Jr. When the 
pressure on the piston fa removed, the dkph wlI] 
spring buck fiiuting the water to (low l\ut lu its original 
level, Only when the piston is in motion l when the 
forte an ihe pi^tort i* thinking) will the water move on 
the opposite side of the diphtigm. 



W. RATING A CONDENSER, a. A condenser is 
rued in 4 unit of tjpjtity which indicate* its Ability to 
store electricity Hie unit ur" <..i-'.uttj h the "faridL** 



This unit is mud, too Inge for practical morfc so one 
millionth or j " micro* And" (mfd) is used. 

b. The quantity of electricity thai a, condenser cad 
Store il*o depends upon the voltage at which the Con- 

However, not every condenser nn be charged at a high 
vdluge because the insulation will puncture under ei- 
cessive voltjgc thereby shorting the plite). Therefore, 
a condenser is designed with in insulation or dielectric 
in each esse sufficiently strong electrically to withstand 
the voltage to which it is to be subjected. 
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SECTION VI 



GENERATION OF VOLTAGE BY INDUCTION 



40. INDUCTION. Magnetic flux can be made to pro- 
duce an electric current. Whenever a conductor is 
moved across lines of magnetic flux or magnetic flux cuts 
across a conductor, a voltage is set up or induced in the 
conductor (fig. 6b). If the conductor it part of a dosed 
circuit, a current will flow through that conductor, There 
are several types of induction all of which result in the 
generation: of \ollage. The type of induction depends 
upon the circuit or arrangement used. The three types 
af induction! that will he discussed in this section are 
self, electrOrnagnetic, and mutual induCtiCHi, 

! 




ever a cit^uit LOHiainhig inductance is opened, Sdi 
induction is ubed when tJit; points of magneto open i«j 
[tuJucc a htgb volume in the primary. 

b. Any circujl which contains i coil of wire is said 
to be an inductive circuit Thar, is, the circuit possesses 
the property of self inductance. In i circuit containing 
inductance the current will build up gradually when the 
switch is closed. When the switch is opened, the field, 
in collapsing, wilt induce a voltage in the circuit which 
will keep the curttnt flowing an instant after the switch 
Is opened ( fig. 61 } . 

c. The value of the self- induced voltage existing it 
any instant in a coil depends upon how much magnetic 
flux was associated with the circuit, how fast the dux was 
changing,, and how many turns of wire were Cut by the 
flux. The "break-down" of the field surrounding a coil 
Likes place in much less time than the "build-up;" there- 
fore, the voltage inJLKud on the "break" of the circuit is 
much gitatcr if»jn that induced on the "make," 

cf. The unit of measurement of inductance is the 
'"henry/' The Value of inductance of any coil depends 
upon its design. 1 lie iniiu.. cjiu l a( a coil increases with 
the number of turns of wire. The placing af an iron 
core in the coil will greatly increase the inductance of a 
coil because the flux is increased. 



41 , SELF INDUCTION, a. Self induction is the elec- 
trical inertia action of a circuit, that is, the tendency of 
an inductive circuit to oppose any change in current flow. 
It is this action which produces the "fat spark, when^ 
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42. ELECTROMAGNETIC INDUCTION, Electro- 
magnetic induction is the generation of a voltage by 
causing a conductor to ait lines of magnetic flu*. This 
may be accomplished by mechanical movement of either 
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the field of the conductor. The moving magnetic field 
of a magneto and [he rotating armature in the generator 
arc examples of dcettomagnctic induction, 

b. A gtrwraldf is a machine which converts mechani- 
cal energy into electrical energy by means nf electro- 
magnetic induction. An a-c generator (called in di'/fr- 
uMory produces an alternating cutrent at its terminal, 
while i d-c generator produces a direct current it its ter- 
minals. Ever)- generator, regardless yf type yr construc- 
tion, operates by the induction of alternating voltage in 
coils, produced bjr varying the amount and direction of 
magnetic Ru\ threading through these coils.. The varia- 
tion in flux linkage may be accomplished by an* one of 
a variety of met hods h several of which will be discussed 
in the fallowing paragraphs. 

c. Generator rul#. The direction of voltage in- 
duced in a conductor can be determined by the right- 
hand generator rule. This rule will a [so indicate the 
direction of current flow when the circuit is completed. 
In using this rule the direction of the field must be de- 
termined. If the poles are not definitely known they can 
be determined with 4 small pocket compass. The north 
pole of the compass will point to a south pole. The 
rtux then flows from the north pole to the south pole. 
Use the right hand and extend the thumb* first finger, 
and middle finger so that they are at right angles to one 
another as shown in figure 62, Then turn the hand into 
such i position that the thumb points in the direction nf 
the motion of the conductor and the first finder points 
in the direction of the magnetic (lux. The middle linger 
will then point in the detection of the induced voltage. 
If the directions of any two of the factors are known, 
the direction of the other can be determined !:y applying 
this rule. 




ft^AW 62- Generator ti&bl-h&fit rutt- 



d. Simple ol*#rna ting -currant generator. A 

method of generating voltage is shown in figure 6}. As 
the loop of wire is rotated in the magnetic field, a voltage 
is induced in eaih side of the loop, and as the sides of 
the loop cut the flux in opposite directions, the voltages 
induced in the sides of the loop will be in opposite di- 
rections. This will cause the voltage appearing at the 
two ends of the toop to be the sum of the two induced 
voltages. VnltA'tf h the only quantity induced in the 
trhfdingt. The amount of current flow in the windings 
will depend upon the load which is connected to the 



generator. The value of voltage witl depend upon: 
number of turns in the rotating armature; speed of ro- 
tation; and strength of the magnetic field. The current 
flowing in the load attached to the loop will follow the 
pattern shown in figure r>j r One complete turn of the 
loop wi|E generate one cycle. The numbers of cycles per 
second is known as the frequency of the current, 

». Sim pi e dl reef - cor re nt g e n prater. The d -c gen- 
erator has an automatic switching device which changes 
the alternating urceciL in the armature to direct current 
for the external circuit This automatic switching device 
is called a commutator. It consists of copper segments 
insulated from each other and mounted, by means of in- 
sulating rings, on the armature shaft. Each segment is 
connected to a coil end and, with a suitable brush ar- 
rangement, the coils can he connected (as the armature 
rotates) to the external circuit in such a way that the 
Current will flow in only One direction (fig- 6^) T 

43. PRACTICAL DIRECT — CURRENT GENERATOR. 

a. The terminal voltage of a practical d-c generator is 
much more constant than the very unsteady voltage of 
the .single- Loop armature. This constant voltage is pro- 
duced by using an armature consisting of a slotted soft 
iron cylinder and 1 number of uniformly spaced armature 
coils. Also the number of magnetic circuits, magnetized 
pole pieces, and commutator brushes are increased. The 
manufacturer may wire the armature coils together in 
any one of several ways and connect them to a commu- 
tator of many segments. The principles of operation, 
however, remain the same. There will be a slight varia- 
tion in the value of the terminal voltage of the machine, 
known as cuttsruktaior ripple, which may cause interfer- 
ence in the airo lanes radio receiver. This interference 
may be reduced by stabilising the terminal voltage with 
a filter condenset attached across the terminals of the 
generator, The condenser tends to !owet the voltage 
peaks and build up the lows, thus smoothing out the 
voltage to a more steady value* 

■ 

h. The magnetic fields in which the armature coils 
move are greatly strengthened, and consequently the in- 
duced voltage is increased., by the use of electromagnets 
instead of permanent magnets. All aircraft J-c genera- 
tors have at least one shunt held coil shunted or con- 
nected across the brushes (fig r 63 (T)), The magnetic 
flux of the field is therefore directly proportional to the 
voltage difference between the brushes, unless limited 
by a voltage regulator. A generator with only this type 
of field coil is called a ihttni-wound generator* The 
termmal voltage of the shunt- wound generator (when 
used without a voltage regulator) will decrease as- the 
load is increased. Figure 6(3 (7) shows graphically the 
drop in terminal voltage which takes place as the load 
connected to a shunt generator is increased (that is, the 
resistance of the load decreased with the generator speed 
held constant). At no-load the terminal voltage is high 
and the l«ad current is zero. As the load increases, the 
load current increases and the terminal voltage decreases 
as shown by the solid portion of the curve. With an 
increase of load, the voltage of the generator will drop 
to the place where the field will be reduced. This will 
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Cause a further drop in voltage as the load is increased 
beyond a critical point 

C, The decrease in terminal voltage of a generator; 
as load is applied, is caused by several things. The 
armature has resistance, and as the Current increases, the 
iR (voltage) drop in the armature subtracts from the 
terminal voltage, "A decrease in terming [ voltage a [so 
causes a decrease in field current. This causes a decrease 
in field flux and a further lowering of die induced volt- 
age in the generator. Another factor which tends to 
decrease the voltage of a generator as load is applied is 
armature reaction. Armature reaction is the distorting 
of the generator field by the heavy armature current, 

d, A generator may he c&mpauttdwd in order to staht- 
lile its termini! voltage {fig. 6a r A Compound 
wound generator has, in addition to its shunt field coils, 
a scries held coil {consisting of a fraction of a turn to 
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turns) connected in scries with the load circuit. 
The series field coils are wound on the pole pieces in 
such, a manner thai Lhe flux they produce (which is pro- 
portiorul to the current in the Joid CLrcu.it) aids the 
flux produced by the shunt coils. Therefore, when the 
load increases, the flux in the generator field is increased. 
This will increase the induced voltage in the armature, 
but because of the looses in the generator which increase 
with increased load, the terminal voltage will rem.urs 
about the same (fig. 6ti (t)). This, machine has thu ad' 
vantage of requiring less regulation of the shunt field in 
that die machine automatically takes care of the load 
variations. 

«. Because of the use of held mils (electromagnets 
instead of permanent magnets), rhe irrsn used in the 
generator is selected ffir iu ihility to htiume strongly 
magncdaed by electromagnetic induction rather than for 
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its ability to retain magnetism. However, a small amount + 
of magnetism is retained by the pole pieces. It is the 
small amount of dux which these poles produce that 
starts generation. The voltage caused hp this residual 
magnetism id! only a few volbi, but it will cause enough 
current in the field re start the voltage huiKi-un. This 
process of building up the * oh.izc takes only a few sec- 
onds. The polarity of the generator depends upon the 
polarity of the pole pieces. If the residual magnetism E.M.F 
should be reversed, die polarity of the generator would 
he reversed. 

44. GENERATION OF ALTERNATING VOLTAGE BY 
VARIATION IN FLUX IN A COIL, It" the amount 

of magnetic dux associated with a coil is varied by any 
whatsoever, a voltage is induced in the coil. A 
simple method for producing a constant variation of 
flux in a magnetic circuit rs shown in rigurc 67, A per- 
nianent magnet is mounted so that it may be rotated 
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Figure 67. iHifxitren of jltfuuring rolugt bj rewhm 



within the gap of an unmagnetEzeu iron yoke. The 
magnetic held of the magnet is then capable of pro 
duiuic: i:i '.:\v ii..i::n.lu • irt :ii COmpo id of the 

magnet and the yoke. With the magnet in the position 
shown, the flu* is maximum, since the relmtance (mag- 
netic resistance) of the circuit is minimum. As the 
magnet is rotated ^JO 5 , tht reluct ante increases And the 
effect of the magnet in the circuit decreases; both of these 
£ lunges reduce the Au.\. At the yu- degree position, the 
flux decrease* to 0, for ui this position, the poles of the 
magnet are equally distant from cash pule piece of the 
yoke, and the effect of one magnetic pole on the circuit 
ii i jncelled by that of the other. As rotation is con- 
tinued, the fake circuit becomes remagndiituvi with the 
flux lines reversed in direction. The flux reached a 
maximum value at ISO* of rotation of the magnet from 
its original position, ft again dctHMsc t» at 270- 
degree position, and is re-established to the original 
iluu and iutfCJ O* when -.<r.:- rial :. rcaJiud. 
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The flux, therefore, reverses direction fwirc per revolu- 
tion (at the 90-dcgrcc and 270-degrce positions). 

b. If a coil is wound about the yoke as shown in fig- 
ure 67, it is said to be (tubed with a magnetic circuit. 
Whenever a coil is linked with a magnetic circuit in 
whirh the Auk rises, falls, or changes direction periodi- 
cally, .in alternating voltage is induced in the COil. A 
graphical representation of an alternating voltage is 
shown in figure 6S. The important feature to be noted 
is that the induced voltage reaches a maximum, not when 
the flux linked with the coil is at maximum, hut when 
the flux is at aero value and just reversing its direction. 
The two maximum values of voltage oa;ur at 90-degree 
and 270-dcgrcc positions of the rotating magnet. 

c. The value of induced voltage depends upon the 
rate of cutting a conductor with magnetic flux. This 
will depend upon: 

(1) Nitmtnr of turns in a coil Regardless of the 
number of turns, the baffle value of voltage is induced 
in cadi tum„ As the successive turns aft in senes, the 
total voltage is in proportion to the number of turns. 

(2) Speed of fotathn. The voltage depends on how 

quickly the Auk ruts acrOsn the conductor);. The faster 
the magnet is rotated, the more rapidly the flux dis- 
appears and appears again, 

(5) The stronger the magnet, the greater will be the 
values of dux and consequently of the rate of change of 

fluK. 

(3) Clearance keiwten magnet and pole piects. The 
smaller the air gap, the less reluctance there will be in 
the magnetic circuit; hente, the greater will be the values 
of flux established by the magnet. 

45. MUTUAL INDUCTION, a. Mutual induction 
takes place when two coils or conductors (one of which 
is carrying a varying current) are placed near each other 
(fig. Gy). A change in amount or direction of current 
in one coil will produce a change of flux En the system 
which will induce a vohage in the Other coil. The trans- 
former is an example f inducing a voltage in another 
coil (the secondary) by mutual induction. 
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h. AIL devices used on aircraft to generate high volt- 
age for engine ignition operate on the principle □/ mu- 
tual ifidvrtion. Strict] y speaking, mutual induction is 
the induction of voltage in « cod (called a Jte&udorj') 
we the result of a change in the magnetism of another 
COU in its immediate vicinity (called ii primary). In 
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ignition equipment, however, the bulk of the voltage 
induced in the secondary is due to loss of magnetism of 
the cOrc upon which both primary and secondary are 
wound, 

4£. OASIC PMNCIPLES OF ELECTRICAL IGNITION. 

cj. Electrical ignition will he cvp Lined with the iiJ of 
figure 70 which shows aJI of the essential parts in any 
common type of electrical ignition system, A britnaty 
tail (Pj of about two hundred turns of insulated wire is 
wound around a laminated soft iron core, which is not 
a magnet (although it rmj r posies*, some residual mag- 
netism}. The core ii represented by the ilute straight 
lines between the primary and secondary coils, The 



jrc^Jfoy coi\ (J) of perhaps ten or twenty thousand 
turns of extreme! > tine miuLited. wire is wound over the 
primary coil. The secondary coil is well insulated from 
the primary coih The center electrode of a spark plug 
h attached to one end of the secondary hy means of a 
well -insulated wire. The outer electrodes of the spark 
plug arc "grounded" and thu* electrically connected with 
the other end of the secondary. The spark plug may be 
considered as a load unit attached to the secondary. The 
primary is m series with a switch, a battery, and a pair 
of ' rnike" and '"break" contact points, These points 
remain in contact, under sprang tension, until ]pu*hed 
apart by a rot j ting tjrrj timed to the engine. The pri- 
mary circuit is- therefore closed until the points are 
opened. The points are shunted by a condense^ known 
as the primary eettdmtm (C) . The condenser is nor- 
mally ''shorted" by the points; and cannot function until 
the points arc opened. 

b. When the switch As closed, current rises in the 
primary cod and circuit, reaching Ohm s law value jo 
perhaps a few thousandths of a second. During this 
time, energy is stored in the primary and in the core. If 
the points are now pushed open, this breaks or opens the 
primary circuit. The resulting rapid collapse of the 
magnetic fidd induces a voltage in both primary and 
secondary, the total voltage induced in each coil being 
proportional in magnitude to its number of turns. 

e + Under the influence of the induced voltage the free 
elections in the primary tend to rush toward and ripLdly 
accumulate on the first contact point will be drained 
of electrons. If the condenser were not present, the 
potential difference between the points would rise so 
rapidly that the points would be unable to ^separate with- 
out the occurrence of an arc between them. This arc 
would burn the surfaces- of the paints,, and because' of 
its conductivity, would prevent the sudJen removal of 
battery voltage from the primary circuit. The condenser 
receives the electrons sent to the one contact point and 
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supp&f the electrons demanded by rhe Ofhct point. A 
considerable quint try of electrons must flew before any 
considerable voltage difference between the terminal* of 
the Mtvdeftter can be established. Hence, the rise of 
potential diflerente between the points n rtt aided and 
suppressed. Ai soon as the value of the induced voltage 
in the primary has decreased to, and falls below the volt- 
age to which the condenser ha risen, (he Utter dis- 
charge* b*k into the primary. Ihu nuufc-rurr ihj* re- 
turns to the Ail some of the energy received from the 
coiL The condenser's discharge current reveries the flux 
of the primary and this reversed flux tend* to remove the 
axe' J residua) magnetism. The total change ot magnet ic 
flux i* thus nude greater. The primary condenser rhere- 
tont taxMBfiuhct J desirabje remits;. 

(1 ) ft lengthens the life of the point*. 

{2} It increases the total change in magnet ism. 

(3) It hastens the collapse of the magnet ic fields. 

The latter two of these result!! materially increase the 
value of ToHjge induced m the secondary. The value 
of the capaoty of the condenser is important. If too 
large, the condenser's counter-voltage doej not build up 
in time to be fully effective. If too small, the voltage 
rise* to an excessively high value and arcing at the points 
results. The design engineer selects a condenser at the 
proper capacity to fit the appliance with which it is to 
be used A shorted condenser will prevent the opening 
of the primary circuit and thus make the system in- 
operative. An open condenser results in arcing points 
and a low vallate output from the system. 

d. The voltage induced in the secondary caused by 
the collapsing Acids is many times greater than that in 
the pri mary becau se of the greater number of tu rns. The 
current flow may be either toward the center electrode 
of the spark plug, or toward its outer electrodes, in ac- 
cordance with the direction in which the secondary is 
wound on the core. The voltage difference might reach 
50 to AO thousand volts were it not for the fact that a 
spark jumps across the electrodes (when the plug is in 
rite engine cylinder) at approximately 2fl,00Q votls. The 
spark is a conductor; it closes the secondary circuit uiJ 
further rise in voltage is thus checked. Current flaws, 
in the secondary' circuit as long; as the collapsing fields 
have sufficient energy to maintain the spark discharge. 
When the voltage between the electrodes fa 111 below the 
minimum valuer required for the electrical discharge,, the 
spark "goes out" *be flow of charge ceases. All 
of this happens in a very small fraction of a second. 

a. The two coils and core previously discussed make 
up the igmiton caL When such a coil includes a 
mechanical vibration for interruption (make and break) 
of the pe imarv circuit,, the toil u known as an tnJtttiion 
roti, or in I he Army Air Forces, as a b»»iter on/. The 
booster coil is described, in section X. The magneto, the 
theory of whuh is discussed in paragraph 17, also con- 
tains a primary, secondary, and core, Magnetic, self, 
and mutual induction are essential in sourcci of high 
voltage for aircraft electrical ignition. In each device 
energy is forced into a primary and core, and is trans- 
ftrrcJ to a secondary. Tn each device the energy de- 
livered from the secondary is it a very hic-h voltage 



because of thr hi^h turn* ratio between secondary and 
primary, and because of the rapidity of the collapse of 



47. tHfOKV OF MACNfTO, o. The msgntto is a 

special type of electrical generator which produces pulsa- 
tions of high voltage. Flux is produced m the magneto 
by magnets and motion, rather than by means of i bar- 
tery. 

bp The essential parts of a simple magneto are shown 
schematically in figure 7L A 4-pole permanent magnet 
is arranged for rotation between the pde pieces of an 
immagnetiaed »oft iron yoke. The poEc pieces of the 
yoke are so spaced that they always march two mag- 
netically opposite poles of the rotating magnet, A 
primary coil {/?) having perhaps no turns of wife, aruJ 
a secondary (S) of many thousands of turns are wound 
upon the yoke, (These coils are shown on the sides of 
the yoke in order lo simplify the illustration.) One end 
of the primary js permanently grounded The other end 
i$ connected to a ground through a pair of contact point! 
{B} known as ■■breaker" points, which are normally 
held together by ipring tension, The primary is there- 
fore shorted when the breaker points are closed. The 
breaker point* are shunted with a primary condenser 
cine end of the secondary is grounded for sim- 
plicity m manufacture. This ground connection is at' 
tar bed to the terminal which is common to the primary 
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point* are open, the secondary current easily 
a ground through the primary coil boauvc of the low 
resistance of list latter. The other end of the secondary 
is connected to the Spark plugs tiirough a distributor. 

c. The operation of the magneto may be explained in 
several way*. A complete and detailed explanation is 
difficult hccnusc the lirturrp within rhe magneto are so 
closely linked uilh each ether, elertncally ur manner- 
ically, that an action in one is reflected (by induction) 
in the othen The followine is a si mole explanation 
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When the poles of the magnet ire in the position shown 
jq figure 7^, the m rn.fr applied to the yoke is- majtimum- 
The m.m.f, is in such a direction as to produce Bux, 
directed to the right in the core of the coiLs. When 
the magnet is rotated, starting from the position shown, 
the magnetomoti ve force applied to the magnetic circuit 
(yoke and ragnrti) decreases to and reverses. The 
m m.f, decreases (o zcro h increases to the maximum in 
the other direction, Agxin I a II Is to zero, and so on. There 
mre four positions per revolution of the magnet in which 
the m.m.f. is zero, and four in which it is misimum 
(J Irt each direction), This varying m.m.f. cte*te$ vary- 
ing flux in the joke and induces alternating e.m.f. in 
both the primary and secondary. The alternating volt- 
age induced in the secondary by this flux change is too 
weak to break down the gaps in the spark plugs. The 
secondary circuit therefore remains open and no effective 
energy leaves the magneto a* a direct result of the rota- 
tion of the magnets. The breaker points are opened and 
closed by a cam which is on the shaft of the rotating 
magnet. That is, the point; are closed when a voltage 
is Induced in the primary and opened when the current 
becomes a maximum. The opened points permit the 
coltapst of the magnetic field about the core which in- 
duces a high voltage in the secondary. The collapse of 
the dux is hastened by the use of* a condenser across the 
points. When the points opcn H the permanent magnet 
is in what is called the E gap position — that is, a few 
decrees past the ^3-degree position as shown, in figure 
72 IIence T at E gap position the points open and the 
spark discharge takes place. 

48, CHARACTERISTICS OF DIRECT-CUR RIHT MO- 
TORS, a. The physical and electrical features of a d-c 

motor are the same as- those of * d-c generator, Thcie- 
fore f when a motor armarure rotates, i voltage is in- 
duced in its coils. This induced voltage, known as back 
or counter e.m.f'., vitally affects the electrical characteris- 
tics and the performance of the motor. 

b. When a 1 2-volt battery is connected to a certain 
model of sei ies- wound motor, current at first flows at 



the rate of perhaps three or four hundred irnpere^, be- 
cause the resistance of the motor is a sniatl fraction of 
an ohm, As the speed tiutld> up. ,ui mireasin^ amount 
of back e.m.f. is generated. This increasing hack c-m-f. 
reduces -the net voltage in the circuit, and the current 
is therefore decreased to a value of about 100 amperes. 
At this speed, the bark e,tnX is Only a few volts less 
than the applied voltage. 

c Suppose this battery-driven rotating motor is 
coupled to an engine which can cause the motor £0 rotate 
at still higher speeds. The self-induced (back) e.m.f. 
increase as the motor is forced to turn at speeds in- 
crea-singty greater than that of its normal operation as 
a motor. As the induced voltage becomes equal to the 
battery voltage, the net voltage in the circuit, and con* 
seqoently, the current flowing between battery an J motor 
reach zero value. If this speed (.which results id zero 
current) fs exceeded, the induced voltage will exceed 
the voltage of the Littery. The net voltage is now in 
the other direction and the current is therefore reversed. 
The motor has becomu a generator, It is converting 
mechanical energy into electrical energy and is sending 
it to the battery where it is converted into chemical 
energy. This is char^uig fht buttery, 

d. Although the d-c motor and the d-c generator may 
be used interchangeably, this is seldom done in common 
practice. The structural and electrical features of a 
generator which efficiency fulfill a certain need on sir- 
craft will not necessarily be the sroc a;t (he correspond- 
ing features of a motor which crhcknrlv iulnll a nci'.l. 
- and vide versa. 

* + If the load on a molar is increased, the motor will 
slow down. The redu^on in speed reduces the back 
e.m.f., which in turn m, n-ases ilu- net vult.ipe, the cur- 
rent, and the develops J tar^ue. Sincc k in the series- 
wound motor, the field and armature circuits are in 
series, the magnetism of hath is strengthened by the 
increase in current. However, in the sbunl-wuund mo- 
tor, the current in the shunt circuit depends vMv upon 
the terminal voltage of the machine. Therefore, loss of 




speed does not affect the magnetism of the field coil; 
only the current in, and the magnetism of, the if mature 
circuit are increased. The result is that it is much mare 
difficult to stall a series motor than a shunt motor. Cor- 
respondingly, the torque of si scries- wound motor at 
starting: is many times greater than that of a shunt- 
wound motor of equal size. Therefore, in cases where 
an electric motor must start from rest under maximum 
load conditions, a series- wound motor is used. In cases 



where the load is light at starting and builds up with 
the speed {as in the case of an electric /an) the shunt- 
wound motor is very satisfactory. The shunt motor has 
the characteristics of constant speed under varying loads. 
One undesirable feature of a series motor is that if full 
voltage is applied with no Joad on the motor, so great 
a speed w[U be developed that the armature may fly 
apart as the result of centrifugal force. This fart should 
1 when bench-testing electric motors. 
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SECTION VII 



FUNDAMENTALS OF 
ALTERNATING CURRENT 



49. GENERAL, At the present time alternating current 
is used only on smaller aircraft unit* such a* indicating 
instruments, remote compass, fluprtsixnt lighting, auto- 
matic pilot*, turbo regulators,, gyroscopes, etc. However, 
with the increasing size of airplanes, the increasing power 
requirements, the higher altitude, a-c interns will become 
more popular. Direct-Current motors and generators Mc 
limited in output at high altitudes by brush and commu- 
tator troubles. With alternating current no brushes are 
■used in the power circuit, consequently, it has no advan- 
tage over duett current in this respect. 

50, ALTERNATORS, a. General. In the alternat- 
ing-current system the generator is called an alternator. Tn 
section VI the principles of voltage generation were ex- 
plained. The common alternator is designed somewhat 
differently, but the principles of operation remain the 
same. In the common a Cremator, the voltage is induced 
in the stationary coils by a magnetic rotor (tig. 73). 
The fined part is called the itatur and the rotating mag- 
net is catled the r#tpr r In Order to have a strong, con- 
trollable ricld. an electromagnet is used for the rotor. 
A direct-current is supplied to the rotor by means of 
slip rings mounted on the rotor shaft. The direct- 



current (exciting current) must be furnished by an 
auxiliary d-c generator which is usually mounted at the 
end of the alternator shaft or driven by an auxiliary en- 
gine (fig. 74). 

The alternator should be driven at a constant speed, 
because the frequency of the voltage generated depends 
upon the speed at which the alternator is driven. A 
variation in frequency would cause faulty operation ot 
some of the equipment connected to the alternator. The 
voltage output Of the alternator is controlled by regulat- 
ing the direct-current field (fig. 75). 

Alternators are usually rated in voltage, amperage, 
power factor, and phases. Voltage and amperage are 
common to both d-c and a-c machinery but power factor 
and phases are used only in a-c equipment. The power 
factor i s the relationship between the current and voltage 
at which the machine is intended to operate. The num- 
ber of phases of an alternator or motor is the number of 
independent voltages it generates or to which it is con- 
nected. Single- 2- and 3-phasc a-c equipment are the 
most comoron types used- 

b. Slnglo-phtts* alivrncjrer t The single-phase al- 
ternator generates a single a-c voltage. A simple machine 
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with a 2- pole routing permanent magnet (rotor), uid * 
2-pofe iUtor will be used to explain the oper ating prin- 
ciple* ot the wnglephisc alternator (kg. 76). As the 
HfHtk rotor is rotated, the voltage induced in the sta- 
tor windings sets up a current causing a flu* which fepcb 
each approaching rotor pole and attracts r*ch leaving 
rotor pole, The changr in die direction of voltage tikes 
place * hen Hie rotor poles line up with the Hal or poles. 
One complete revolution of the rotor will generate, in 
fheicator.avalt^ewhkhi*] 




Eut inn and negative the other half. Otir r^nlntrcm in thk 
cut U ailed I cycle ( fig. 77 ) . The frequency (cycles per 
second) of the a<c voltage or current will depend upon 
the number L?f pole* in the siator and the speed of the- 
rotor. A umple rule to find frequency i* to multiply the 
number of staler pole pairs (2 poles) by the number of 
revolutions of I he rotor per second. If i pules we Used; 
the rotor will have to rotate y 2 faj * 2 pole altcr- 

f the *arp 




77. 



Two -p hoi* QlFemotor. The principles of oper- 
ation and comtrui tion of the 2 -phase alternators ire the 
«me as i single- phase alternator, However, i second 
set of coils U placed in the sfafor, independent of the 
first (fig. 7a). Actually 2 voltages are gene rat rd irWL-.id 
of 1, The 2 are .separated from each other by 90* or 
MifMjuartcr of a revolution of the rotor in the simple 

in figutc 79. Thai relation 



of the voltage* cannot change as the coils are pemu- 
nently located in ihe stator. In figuring the frequency, 
the rule in b above can be used, counting only the poles 
of 1 phase. The 2 -phase alternator is used very little 
became the }■ phase mtcm i> more economical. 




d. Three-phase alienator I: ilterna- 
tor is a Lomhin^Hon of 3 single-phase alttriiarnri in one 
unit. This is done by having J sets of sutur windings 
equally spacrd from cath other (rig. 80) This mat hine 
will generate a voltage « shown in figure fit. In calcu- 
lating ihe frt<|uiri L y of the sphise alternator, one-third 




of the pok pint aft used. The * phase alternator is by 
far the must popular tvpe alternator, the reason for which 
will be dmuvtcd in a later pjragfaptl. 



SI. ALTERNATING CURRENT CIRCUITS, o. G*n- 
•roL Many of the ideas obtained from the study of tf c 
circuits most he ( hanged or enljrqcd upcm when study, 
ing a-i uruiitv In the j.c circ uit the snlugc ,unl i urrent 
jrt mitt study, they acc constantly J Milling in value 
and direction. 
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Ut laid to folio*" a sine wave Shod J a single loop of 
wire rotate one complete revolution m i magnetic held, 
the vu[iagc would follow 4. pjiili ai shown in figure 82. 
.iiiire nu* is cur wnen cr»r ktiiiinu ror^ jrc ujuciih^ per- 
pcrnju LrJ.Lr la i lie flux ili.ui when Ihey ,ire traveling paral- 
lel with the flux, 

i 

C Cvmnt in on o-c rircitll. In » simple *< cir- 
cuit, the current will h*ve the lame ftttjuenqr as the 
voltage. However, the mrrcnt »iM not alway* be at the 




maximum value when ill* voltage i% at a nusimum. Cuf- 
renl may he from 90* ahead of the volugc tn 90* behind 
the voltage (fig. S3). 

(I) If the load on an alternator »* made up of mi.- 
tot*. Urn pi. and heaters, Hit turrtnr will be maximum 
when the voltage is maximum (i% »4). 
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(2) When a motor, solenoid, or an)' unit having coils 
of wire is iu.ru\ the current will be maximum after the 
x ullage is, majuniuin ( hg. B5) . Often An a-c voltage can 
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Figure 83, ALtxrwttfn ph^se rjrrjtieni in fttrreMf i,iJ raii.tgt. 
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be applied to an inductive circuit resulting in very little 
Current How. However, if the same d-c voltage were 
applied, the current flow would be excessive and the unit 
would probably bum up. , 

(3) When a condenser is connected across a supply 
of a-c voltaic, a current will flow through the condenser. 
This Is one of the fundamentals of a-c which differs from 
d-c, The current and voltage relationship where the con- 
denser makes up the load is very unusual, the current 
leads the voltage (fig. 86). 

d« Power in an a-c circuit is not always found by mul- 
tiplying voltage by amperage u in a d-c circuit. The 
d-c relationship is true in an a-c circuit only when the 
power is consumed by a Iamp h heating device, or other 
r L -sis!orv WU ruMir the circuit contains capacity u: in- 
ductance the current will lead or the voltage and a 
power factor (correction factor) must be used (watts = 
volts X ampere; < power factor). The "power factor" 
is a number which may vary (depending on the total ca- 
pacitance or inductance of tiie emu;! ) from to I or 
from u to 100 percent and which h multiplied by the 
product of volts and amperes to get the actual power 
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iOTiMimedl by the unit. To measure the power required 
by a unit / "watt meter" is used. The wattmeter auto- 
matically takes rare of the power fiictor. E bu ]inf>ortant 
thing to remember a not to measure peu er in an a-c cir- 
cuit with a voltmeter and an ammeter, but instead, use a 
wattmeter. To determine the fewer factor of a circuit 
use a voltmeter, ammeter, and wart meter us shown En 
figure 87 , To calculate the power factor use the formula : 



Power fat tor = 



watts 



vo 



Iti j< jjijbcfta! 



To get the power factor (pf or P.P.) in percent, multiply 
by 1 00. 



b Tn measuring j-c current an J voltage, certain rules 
and standard* must be accepted. All coinmercial meters 

show a r£ad]rtg which Called the efferUre s Jne cur- 
rent and volume. nOl the ilUstimum or peak value. The 
effective value is sometimes spoken of as R M.S. (root- 
mean- square) value. This value is 0.707 of the masi- 
mum current or voltage, This effective \alue of a-c 
current or voltage corresponds to the same d-c current or 
voltage ( fix. In the case of the household 1 1 5-volt 

system, the voltage actually varies from to approxi- 
mately 1 62 volts. A current flow in a circuit which has 
a maximum value of 10 amperes has the value of 7.07 
amperes as measured with an ammeter. 




Figutt 04. U^mamtitr lyfie of vchmtttr. 

52. ALTERNATING- CURRENT MEASUREMENTS, a. 

The common d-c voltmeter jh<] .limnt-tcr will not work 
on a-c The most popular movement used in a-c meters 
js the dynamometer mcm-m^ni i fig, 88). This movement 
uses two coils, one of which is a split fixed field coil and 
the other a movable coil, connected in series-* Because the 
coils are connected in *efirs, and the Current is in the 
same direction in bath t olJ h, there h always .m attraction 
between the coils. 



53. ALTERNATING -CUR RENT MOTORS. 4. Gtn- 
arul. The a-c motur most commonly used is the indue- 
tion type. The 2» and! 3- phase induction motors are sim- 
ple in construction and have but l free mem up pail. 
Smglc-phaAC induction motors are not as practical not 
as simple as 2- and 3-phasc motors because a starting de- 
vice must be used to start them. In this section 2- and 
3 -phase motors will be given particular attention. 

b. SFngla-p hate a-e motor*. (1) A common sin - 
gle- phase motor is the universal (a-c, d-c) motor. It 
will operate on either a-c OC d<. It is a series motor and 
has Operational iharacteristirs similar to the common 
series motor as used on an aircraft starter. This motor 
will operate on a-c because the current changes its direc- 
tion in both the field and armature at the same time. Thus 
the effect is the same as if the current were steady d-c 
This motor is, not very satisfactory for aircraft use because 
it uses a set of brushes which Cause radio intcrference- 
Thc motor also requires considerable maintenance. 

(2) Any one of several induction-type single-phase 
motors may be used where a small amount of power is 
required. However, they are not used, in aircraft work 
because they require special starting devices which com- 
plicate the construction of the motor and require con- 
siderable maintenance. 

e+ Two-phase induction motors;. In the 2 -phase 
squirrel cage induction motor, the rotor is made to rotate 
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by * rotational magnetic field (fig. 90) A series of il- 
lustrations of the 2-phase alternator. 2-phase motor, and 
the ■B unco ' volumes will explain the rselds rotaJjorx 
A* this field cuts acros* the short ctrcuited conductor* of 
the rotor (hg Vt ). the current set up in (hem will cause 
j_n oppo^f field. The rotating held will then drag the 
armature along with it And produce rotation. (The speed 
it which the field rotate* is tilled the *yn<, Iironciu* ipccd I 
The rotor will travel somewhat slower than the held to 
permit the field flux to cut the conductor in the armature. 
The percent of difference in speed of the magnetic field 
of the stator and the armature u called the slip. The slip 
Tirin with the load on the motor. However, it seldom 
ami* 10 percent. In order to reverie the directum of 
rotation of the armature, the leads of one phase are re- 
versed. The effect of reversing the leads of one phase 
reverses the direction of rotation of the field. 




figitrt JJ. Mfr**!-,. j n r in Ju i ti ■■■ i ■ water rdor. 



d Thr*#-phos* induction motor. For simplicity 
the o phite induction motor will be explained in the 

three lead* are used to connect the alternator 10 the motor 
(fig 92). Alio it w ill be noticed that 2 of ihc phases 
work together to form the polo ot ihc rotating field. 
The rotor it constructed of an iron cylinder wound with 
short-circuited turns of heavy topper bars. To reverse j 
three-phase motor, any two of the connecting leads are 
interchanged, This produces a reversed held which 
causes the reversing 01 the rotor. 

m. Thr***pho*a a-t circuit connections. [ I ) The 
V phase alcciruror cart be represented by * coils equally 
spaced as in figure 9*. From figure 9 J (T), *t can be seen 
that at the time * hen the instantaneous value of the volt- 
age in phase "A" is 100 solrx thai in phases "B" and 
"C" it is 50 volts. Similarly *hen the tnsuntaneous 
value of the .urrent in phase "A" is 10 amperes, the 
current in pha^o H and "C* is 3 amperes. The con- 
ductors to 1 li ■- in ink' l onncctions can It dropped and the 
three points connevti'd as shown hv ihe dark line in figure 
9 J ®, This is known as a V phase, 4- wire generator and 
the wire shown by the dark line is referred to as the 
"common return" or "neutral." The ratio of the effec- 
tive voltage between neutral and any phase of a 4-wire 



sysrero ro the effective voltage between any 2 phases is 
always as 1 is to 1.732. For example, if the erJetuse 
voltage between any phase and neutral a 12ft volts,, the 
effective voltage between phases is 208 volts. The ad- 
i antage of the 1 wire, 3*ph« system is exemplified by the 
fad that in the case cited, 3-phase system, 2041* volt equip- 
ment anil ^ngle-phise, 1 20-volt equipment may he ^n- 
nccted to the >ame circuit, 

(2) With the instantaneous values of voEtagc shown 
m figure 93 (?), the current in the neutral wire, figure 
?>fj;, would be 10 amperes in one direct ton for phase 
" A" and a total of 10 amperes in the other direction for 
phase B and "C\ it is obvious that the neutral wire 
tarries DO current and can be eliminated Such a system 
is known as a 2- phase, J- wire system and the generator 
as a >• phase, J- wire generator. As the V phase, y wire 
ti-stem ii the one in most comomn uw. it is frequently 
referred to merely as 3- phase < 5- wire being understood ) . 
As cum pa red with the single-phase, 2-plusc, srtd J phase, 
-i -wire systems, ihe V phase. 3* wire system has ihc advan- 
tages of simplicity, symmetry, and a somewhat smaller 
copper requirement for conductors. For most purposes 
it is also more practical than the other alternating-current 
systems. 

Q) Tp connecting a motor or generator to a 3- phase 
circuit, each lead must be properly connected as reversing 
two leads on a motor will cause a reversal in direction of 
rotation. The wrong connection of a coil in one phase 
of an alternator will produce an unbalanced vofcage *on- 
diu'oo in the system (n£. 94). 

f. "V 1 and dflla IAJ cofitttctioflt* The coili of 
a a alternator may be connected in cither '"V" or delta 
(fig. 93). In the case where the coils are connected in 
A (delta) the voltage between any 2 of the 3 leads will 
be the same as the voltage of an individual coil. When 
the coils are connected in Y, the voltage between any 
two of the three leads will be 1.732 times the voltage of 
the individual pha^e coils To nuke sure that alt the 
coils are connected correctly* make certain that volt meter 
readings between til possible combinations of phases are 
the same. 

54. T«AN5FfJlME«. a. The transformer is used 
to pxusect 2 a-c circuits (which usually operate at differ- 
ent voltages). Power is transferred from one circuit to 
the other by mutual induction The voltage is raised 
with a "step- up" transformer, or is lowered with A ''step- 
down" transformer. A transformer consists fundamen- 
tally of twil coils ( primary and secondary) wound upon, 
and electrically insulated from, a closed magnetic core 
i rig. 96 ). The coils are thus Linked with the same mag- 
i ctk Circuit Ihe ^ortjarc or Output .0:1 >! a step-up 
transformer has more rums than the primary. The sec- 
ondary of a step- down transformer has fewer turns than 
the primary. The two voltages are proportional to their 
i arris- ratio. The current varies insersely as the turns 
ratio. The power output is the same as the power input 
except for some small heat losses. 

h. The corr consists usually of kminntion* f laycr*^ 
of soft iron, If solid iron were used, electrical rJJj 
txrrtnti would he set up in the core during operation 
of the tnnsfofmer Fddy current* create heat which 
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v.mj|d lower the efficiency of the transformer. Oxide 
rUms or nonconducting coalings on the lamination* tend 
tti prevent or to reduce eddy current* without interfering 
with the magnetic operation yf the core, 

c L When the primary of * transformer is connected to 
a source of alternating current, it tends to magnetize the 
core first in one direction „ then in the other, Power from 




Fit*fi 94, Method q\ ibtfking phut ionmrlioni. 

ihe a-c source is stored in the core during each flux build- 
up. When the secondary is without a, load, the voltage 
induced in iJil- primary toil by [he rising and failing flux 
\y .umost as great as the voltage of tltc power source, so 




that the difference of the voltages is almost zero. Conse- 
quently, tlie alternating current in the primary is very 
imalL, Transformers may therefore he left connected to 
the high voltage feeders at all times with very little waste 
of power. As long as the secondary circuit is open, the 
a-c voltage induced between the secondary terminals docs, 
not do any work and, so far as the magnetic core is 
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concerned, the secondary is not on the core. But when 
the secondary circuit is closed (as, for example, by switch- 
ing on the lights in the circuit), the resultant flow of 
alternating current in the secondary circuit periodically 
removes some of the power placed in the magnetic circuit 
by the primary. Therefore i the back voltage of the pri- 
mary is reduced; and the net voltage in the primary 
circuit is increased, and the primary currtnl ,\ sef .. A 
wcl designed transformer, therefore, draws current from 
the line in proportion to the demand of the connected 
load, 

d. tt has been found more satisfactory to use aVc 
equipment on aircraft for a number of reasons, the pri- 
mary reason being that a-c electrical energy cannot be 
stored. However, where certain devices retjuire a-c, t 
special source of a-c power mu.si be provided, with which 
the transformer finds application. In larger aircraft 
where a power plant is necessary, the use of a-c on a 
large scale may be found practicable, In such event, the 
aircraft may he relieved of considerable weight in copper 
by use of t tans formers and the transmission of energy at 
voltages over small wires. 
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55. GENERAL, «, The purpose oj the aircraft storey 
battery is to piovtde a reserve source of elect neat energy 
for operating the Vinous units of aircraft electrical equip- 
ment. During normal engine operation, the engine- 
driven generator serves as the primary source of electrical 
energy for operating the various units of aircraft electrical 
equipment. The most common types of aircraft batteries 
■re shown in figure 97. The battery supplies the elec- 
trical energy to start an engine and to operate electrical 
equipment during low engine speeds and when the gen- 
erator or engine fails. 

b. A storage battery has a number of cells in series 
(fig. 9S). During discharge chemical energy in these 
Cells is transformed into electrical energy. This chemical 
energy is later replaced as explained in the following 
paragraph. 

c. A storage battery is kept charged by sending a cur- 
rent hack into the battery, When a current from an 
external source is sent through the storage cell, a reverse 
chemical change of the plates and electrolyte occurs. This 
process is known as "charging." The usefulness of a 
storage cell lies in its ability to be "discharged" and 
"charged " many times before it eventually becomes per- 
manently deteriorated. In an aircraft installation the 
hattery is required on various occasions (especially during 
starting) to furnish a very heavy current for a short time. 
Duritig flight the generator replaces this enerjjy which 
has been drained from batter)', at a much lower race, but 
Over a longer period of time- A storage cell does not 



actually "store" electricity; during discharge, chemical 
energy is changed into electrical energy and during charge 
electrical energy is changed into chemical energy. 

d. There are two types of storage cells in common use K 
namely the Edison (alkaline) cell and the lead-acid cell 
The lidisonHcell storage battery is not used in aircraft 

56. PRINCIPLES OF LEAD-ACID CELLS, a. A lead* 
acid cell contains positive plates coated with lead peroxide 
(PbQ 2 ); negative plates made of lead (Pb)i and a liquid 
known as an electrolyte, consisting of a mixture of sul- 
furic add (HgSOj) and water (H 2 0). 

b* During discbarge of the lead-acid cell, Jead sulfate 
(PhSO + ) is formed on both the positive and negative 
plates; the acid content of the electrolyte is decreased and 
water content is increased. As a result of the loss of 
heavy add molecules from the solution and because of 
the formation of comparatively light water molecules, the 
electrolyte gradually becomes more dilute and less dense 
as the- battery is disciurgecL 

t. ft is not the dilution of the electrolyte nor the loss 
of acid molecules, but the formation of the lead sulfate 
on the plates which causes the battery to become "run 
down." When the- sulfate coatings become so thick that 
the electrolyte cannot effectively reach the active materials 
( lead and lead peroxide ) , some chemical reaction is pre- 
vented, In practice T the cell is not permitted to be dis- 
charged to this CKtent. Thin coatings of lead sulfite are 
easily removed by recharging the batter)', but thick coat- 
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iogs ire difficult to remove. Also, a cell is not very 
useful when approaching a stare of total discharge be- 
cause ut the high internal resistance caused by the sulfate 
coatings an the plates. This resistance would be intro- 
duccd into any circuit to which thr cell is applied, and 
would reduce the current to a value too low for practical 
use. 
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d. When the cell is placed on charge, lead sulfate u 
removed from both the positive and negative pl.itcs, And 
acid is formed. The water content of the electrolyte is 
decreased in the process. Consequently, the density of 
the electrolyte increases as the cell is charged. 

«. Thfl fpeti rircvti voltaic, figure 99, of a Ittd-tcJd 
□eU is approitmately 2.2 volts. The c.m f, of the CcJI fa- 
dependent only upon the character, and not upon the 
quantity of its- active materials. This voltage is the same 
fof all lead-acid cells, regardless of their plate tax, The 
open circuit voltage or ;.nvf, of a lead-acid cell remains 
close to 2.2 vgTts, regardless of the state of discharge of 
the ccEL until the cell is practically "dead." It then begins 
to drop rapidly {kg. 106) . 




f. The terminal voltage of a cell while under load de- 
creases gradually a* the- cell continues to be discharged. 
The gradual decrease in terminal voltage is due to a 
gradual increase in the internal resistance of the cell. The 
internal resistance of a lead-acid cell jL the end of normal 
discharge increases to niore than double its. value when 
fuJIy charged. The difference between the opcn-Crrcuit 
and closed-circuit terminal voltages (the voltage drop 
within the cell while under load) is an indication of the 
energy lost while under load, js a result of the internal 
resistance of the celJ (fig. 100), 

4& 



g. To obtain a high discharge current and a high ter- 
minal voltage under Toa4 low internal resistance is neces- 
sary. Low internal resistance is achieved tnainly through 
the use of large plate area. The internal resistance of a 
cell depends on its total plate area. The greater the num- 
ber or area nf its plates, the less the internal resistance of 
.i cell All tU positive ;•;.;«.:. of a ct.l j:e connected by 
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one common connecting bar, and all the negative plates 
are connected to another connecting bar, The value of 
the e.m_f, of this assembly is the same as that of a single 
pair of plates of the same materials. 

57. AIRCRAFT STORAGE -BATTERY CONSTRUC- 
TION, a. In order to have a 12- or 2 4- volt system, 
6 or 12 cells ate connected in series. The Open-circuit 

voltage (terminal voltage) is the voltage of the battery 
when it is not undergoing discharge. A sectional view 
of an aircraft battery is shown in figure 102. 

b, A plate of a lead-acid cell consists of a framework 
called the grid to which the active material is attached. 
The positive and negative plates are assembled with a 
positive plate placed between two negative plates, having 
a negative plate at each end of the celt. .Separators are 
used to prevent pUtes from contacting. The separate 
are porous; they are vertically ribbed on the side facing 
the positive plate to permit the electrolyte to circulate 
freely around the plates and to provide a path for sedi- 
ment to settle on the bottom of the cell (fig. 102). The 
bnttom of the battery jar on which the plates rest is 
ribbed- These ribs form channels into which the sedi- 
ment may settle without shorting the plates. 

c. The hard rubber cover of the cell is sealed with a 
special sealing compound. The cover provides a base 
for the installation of a non spill vent plug and terminal 
posts. The vent plug provides access for testing and ad- 
justing strength of electrolyte, provides a means for the 
escape of gases. an*l is so designed that a minimum of 
electrolyte will leak out of the cell regardless of any po- 
sition the aircraft might assume (fig. 103). 

The lead weight, figure 103, is actuated by gravity. In 
level flight the weight permits venting of gases through 
a small hole; in inverted Jlighl this hole is covered by the 
fe^d weight. 
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d. In the modern aircraft hittery the containers for 
the individual cells are constructed nf hard rubber com- 
position material t^ng. ICM), The cell assembly is en- 
closed within an acid- resisting lined metal container 
(bjttcry box J which is used for electrical shielding and 



mechanical protection. The battery box has a removable 
top, held in place by hold-down rods. It also his a vent- 
tunc nipple at each end of the box for the attachment of 
flexible tubing, These k^d ou: of the atrplauu, 

one directed upward, the other downward, Thii ir> 
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figure tO.i. SuH-ip/H i tnt piii£. 

rangement serves to clear the battery Lontainei of gases 
and any spilled, electrolyte. The terminals of each cell 
are connected permanently to each other in the plu^ to 
minus order (series) by means of heavy lead straps, The 
two end terminals are connected to their respective hit- 
ter)' terminal posts which ire provided with washer*, and 
wing nuts for attachment of cable leads, A removable 
terminal -box cover permits access to the battery terminal 
posts (fig. LQ5), 

58. RATINGS OF STORAGE BATTERIES, a. A bad- 
acid cell js rated it 2 votts. Therefore, a 6-ccll battery 
is rated at 12 volts: and a 12-Letl buttery is rated at 24 
vults. 

b. (I) Sturdee-battery capacity is rated in ampere- 
hours. This rating indicates how long a battery may he 
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used At a given rate before it becomes exhausted. An 
ampere-hour is I ampere flowing from a battery for 1 
hour. Theoretically, t 100 ampere-hour battery will 
furnish 1O0 amperes for ] hour, or 5 CI amperes for 2 
hours, or 20 amperes for 5 hours, etc, Actually, the 
ampere-hour output of a particular battery is dependent 
upon the rate at which ft is discharged- Heavy discharge 
air rents heat the battery and decrease the ethriency and 



CELL 




FigMtt 1Q4. Batlrry Bex. 

am[HTC-hour Output- For aircrajt batteries, a period of 
? hours has been established as the discharge time in 
rating of battery capacity. This time of 5 hours does not 
nt-. charily mean the length of time which the battery 
i\ expected to furnish current. Under actual service con- 
ditions the barter)- can be completely discharged within 
a ffw minutes or it may never be discharged if the gen- 
etacof provides sufficient charge. 

(2) Figure 106 shows a discharge curve based on 
values obtained during tests made on a 68 ampere-hour 
battery. The load current was held at 1 3.6 amperes for 



6 hour? (except during momentary open Log of the circuit 
at the end of each hour to obtain open-circuit voltage j r 
It is to be observed that the open -circuit voltage remained 
almost constant during the first 5 hours of discharge, 
whereas the voltage while under the load decreased grad- 
ually. After the rated capacity of the battery (68 (that 
1st 15,5 s 5 ) ampere-hours J was exceeded, both voltages 
decreased rapidly as the discharge was continued. 

c. The temperature of a storage battery is one factor 
whkh determines the output of the battery (%, 107), 
An add battery will not deliver as much power a* a warm 
battery. In cold climates a storage battery is of little use, 

d. The more common models of aircraft storage bat- 
teries are rated as follows: 



12 

12 , 
24 , 
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The ampere-hour capacity of a cell depends upon the 
total effective plate area. Cells connected in parallel have 
a net capacity equal to the sum of the individual cell 
capacities. A battery of identical cells connected in series 
ha$ the same ampere-hour capacity as one individual cell. 
In multi-engine aircraft, where more than one battery is 
used,, the batteries are connected in parallel. The voltage 
is thus equal to that of one battery but the Ampere-hour 
capacity is increased. The total capacity h the sum of 
the ampere-hour ratings for the individual batteries, 

59. BATTERY DETERIORATION, o, Various factors 
aid deterioration ut a barter? and wi[] mike its service 
life short, Bxctst lulfawn of plates causes a permanent 
increase in the resistance of a cell. Increased internal 
resistance transforms the electrical energy of a battery 
into useless and harmful heal within the battefv. which 
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could have been used on the esctemaE circuit Internal 
resistance also results in an increase in temperature within 
the cell while the cell is being charged. Excessive heat 
results in expansion and buckling of plates and shedding 
of active materiaL During the normal life of a battery, 
approximately 20 percent of its active material may be 
shed. The pores of materia! not sbed may become 
clogged with sulfate or other impurities, or the material 
may corrode, Under any of these conditions the battery 
capacity is decreased. In addition, accumulation of shed 
material may cause shorting of the plates and result in 
internal discharge. Internal discharge may also result 



equal volume of pure water. A new, fully charged air- 
craft storage-battery cell is filled with a mixture Or 
approximately )0 percent acid and 70 Dercent water (by 
volume). This mixture, or solution, is 1.300 times as 
heavy as pure water. During discharge the so I lie ion 
(electrolyte) becomes less dense and its "specific gravity" 
(weight as, corripated with water) drops below 1,300. 
Thus, by determining the specific gravity of the electro- 
lyte, a reliable indication of the state of charge of the cell 
is obtained. The concentration of the electrolyte nut 
the cause of the particular stale of charge of a cell;, it 
is rather a normal incidental effect. Thus, if a cell has 
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by reason of "local action" between portions of the active 
material and metallic impurities on the same plate. 

b. The state of charge of a storage battery should not 
go below a specific gravity of 1.200. (See following 
paragraph.) A battery may be permanently injured if 
it remains in a low or discharged condition, 

60. TESTING METHODS, o. The state of charge of a 
Storage cell depends upon the condition of its active 
materials, primarily the plates. It is difficult or imprac- 
tical, however, to find out the plate condition or degree 
of sulfation by visual inspection. Therefore, an indirect 
method {hydrometer test) is used to determine the state 
of charge of a lead-acid celt of a storage battery r In 
order to find a cell's fitness for use, which condition can- 
not be obtained by a hydrometer test, the high rate dis- 
charge test is used. 

h. The specific gravity or hydrometer test is made 
periodically on a storage battery installed in aircraft, as 
a part of established inspection procedure, to determine 
if the state of charge is adequate- The hydrometer test 
determines the state of charge of a cell by measuring 
the degree of concentration of electrolyte. 

(1) Pure sulfuric acid is 1.835 times as heavy as an 
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a tow specific gravity reading, the adding of some sulfuric 
acid will increase the concentration and taise the specific 
gravity of the electrolyte, but the state of charge of the 
cell will remain as before, inasmuch as the sulfation of 
toe plates remains the same. Even if the elect johte were 
replaced with fresh electrolyte having a specific gravity 
of 1.300, the condition of the plates, and hence the state 
of charge T would remain the same. Therefore, the spe- 
cific gravity test of a cell is reliable only if nothing has 
been added to the electrolyte except nticasionaJ small 
amounts of distilled water to replace the quantity [y*t ay 
a result of normal evaporation. 

(2) The hydrometer commonly used to determine the 
specific gravity of battery electrolyte is shown in figure 
10S. It consists of a small sealed glass tube weighted at 
its lower end so as to cause it to float upright, A paper 
scale is enclosed within the narrow stem of the tube, "the 
scale is marked from l . iocs to 1,300 with intermediate 
graduations. The hydrometer is generally ioclosed (for 
convenience) in the glass tube of a syrinrje. With this 
arrangement sufficient electrolyte may be withdrawn from 
a cell, by suction, to float the hydrometer. The more 
dense the electrolyte, the higher the hydrometer will 
float. The higher number (1 300) will, therefore, be it 
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the lower end of the hydrometer scale. The scale value 
indicated at the level of the electrolyte is the specific 
gravity, 

(3) Aircraft batteries aft generally of small capacity 
but are subject to heavy loads, The values specified for 
state of charge are therefore rather high. An aircrift 
battery in a so-Called "kw" state of charge may have per- 
haps 30 percent charge remaining, but the charge is 
nevertheless considered? low in anticipation of heavy de- 
mands, which would soon exhaust it. A battery in such 
state of charge is considered in need of immediate re- 
charging. With present aircraft storage battery aped* 
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fixations, j specific gravity reading between 1.275 and 
1 ,300 indicates a high state of charge; of 1 ,250 a medium 
state of charge ; and of 1,200 or below, a low state of 
charge (see figure 1 09). 

(4) Hydrometer readings should not be taken imme- 
diately after, but before, adding distilled water to electro- 
lyte. This precaution is necessary for the reason that 
some time is required for the water to mix thoroughly 
■with the electrolyte; the hydrometer syringe might thus 
suck up a samnle of electrolyte which is not representa- 
tive of the electrolyte as a whole, 

0) Frjtlo wing testing, the sample <j/ electrolyte 
should be returned to the particular cell from which it 
was drawn. 

(G) Be careful when taking the hydrometer test of a 
lead-acid cell, inasmuch as sulfuric acid hat a burning 
effect on clothing and skin (fig. 110). First aid treat- 
ment consists of thoroughly flushing with water. Bi- 
carbonate of soda may be applied, but onEy after thorough 
washing with water, 

e. (O The high-rate discharge tester is used in bench 
testing to measure the terminal voltage of a cell white 
it is under load, (which is test under operating condi- 
tion). The tester (fig. 111) consists of two heavy 



prongs (with handle) which are bridged by a thick 
nichromt shunt of low resistance. A voltmeter, mounted 
On the tL-sttr, is connected to the ends of the shunt so- 
ls to measure any potential difference created between 
them. The voltmeter is a axro-it-center instrument with 
a range of 2.5 volts in either direction, so that either 
tester prong may be placed on either terminal posts of a 
cell. When the ends of the prongs are pushed into the 
terminal posts of a cell, the resultant heavy current which 
passes through the niehromc shunt resembles an oper- 
ating condition. The prongs are held in firm contact 
with the cell terminals fur approximately 15 seconds. 



NICHfltjftf SHUNT 




Digitized by GoO^lc 



Borrow 

POST 



ftK»r< III. Wi^rsle Jisthirge tntrr. 

During this time the observed voltage should remain al- 
most constant. 

(2) It must be remembered that the high-rate dis- 
charge test is strictly a comparative test, Since the voli j-l 
reading is affected by both the resistance of the shunt and 
the internal resistance of a cell, the test consists solely of 
a comparison hcrween the performances of cells of equal 
ampere- hour capacity when checked with the same 
tester. In order that the test may accurately indicate the 
condition of a cell, the latter must be fully charged be- 
fore the test is made. The observed voltage should then 
be compared with the average of the readings of a num- 
ber of cells in good condition, fully charged, and each 
equal in capacity to the cell under test. If any cell of 
a battery- shows a voltage which is more than approxi- 
mately 0.2 volt below the average of the readings, of the 
good cells of similar capacity, the cell may be considered 
to be internally deteriorated. In border-tine cases, the 
general physical condition and history of the battery 
should he ronsidcred in deciding whether or not the bat- 
tcry should be discarded. For this reason, the bigh-rate 
discharge test is usually performed only by experienced 
persons. 

(5) An alternate method of determining the condi- 
tion of the individual cells is. by loading the battery and 
measuring the voltage of the individual cell (fig. It 2). 
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A cell whose reading is dirrcrent from I he ml indicates 
a poet cell. 

61. BAFT El Y CHAIGING. a. A Morac-e haMery may 
be charged hy parsing i direct current through the bat- 
tery in it direction opposite to that of the discharge 
current, 

b T (I) The voltage of the external charging source 
must be greater than the voltage of I he battery. The 
e.m f. of a fWelt lead-arid battery is p ppronimalcly 15.2 
vohs. When, however, a charging current flows ih rough 
the battery, its voltage soon rises to a value of appmii- 
mately 14.2 volts, known as the "gasiing voltage- ' The 




explanation for this rise of L volt need not he given here, 
but iti cKiilence must be recognized. Therefore, to 
charge a ban cry normally rated at 12 wits, an external 
voltage of more than 14.2 volt; is required. 

(J) The value of the charging ujtrtnt depends on 
the net voltage in the circuit, which voltage ti the amount 
by which the external vohagr exceeds the battery e.m.f. 
If the two arc equal, no current flows. To maintain a 
heavy charging current, the value of the external voltage 
need he only a fraction of a volt higher than the voltage 
of the battery because oi the tow internal resistance of the 
cnar^mg i tri,un 

(\) The tharglng current must always flow in the 
same direction. Hence, only d-c (and noi a-c) may be 
uird in the charging procrw. The respective terminal 
of the charging source must be cofinrcicd to the like 
terminal i of (he battery, If incorrectly connected (if the 
value of ihc external voltage is below that of the bat- 
terjy 1 the bittery would discharge through the intended 
charging source at * fast rale, 

(4) The charging current, in amperes, should head- 
rusted to the ampere-hour capacity of the battery and ta 
its state of charge. A battery with large heavy plates 
may be charged, without riiW damage to it* pUe*. with 
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a higher current than that which coulJ safely be used 
with a battery having small thin plates, A battery m a 
io* i(a!c ol ihargc may be charged at a high beginning 
rale, and* aa it approaches a fully charged stale* [lie charg- 
ing rate should be induced- If a batter)- m a low state 
of charge ii charged at a slow rate, time is wasted- After 
a battery has reached a high state of clutge. the «.ow- 
Limjtd apphiation of a high charging current heats the 
celts and, further, causes the liberation of oxygen and 
hydrogen, (These gases form an explosive mixture } r 
During charging, a small amount of "gassing" normally 
occurs. When the electrolyte violently gates, ft IS I sign 
of ciiarging it an excessive rate, or completion of the 
process During charging the temperature of the elec- 
trolyte should not be permuted to exceed too* F. 

(5) A battery is permitted to remain Oft charge until 
the specific gravity of electrolyte reaches normal value 
(1.27} to 1300) and no increase in specific gravity is 
noted at three successive readings taken at JU-minute 
interval!. 

c. Batteries are charged in battery rooms by either of 
two- methods. By uie of a motor 'genera tor set (constant 
voltage), it is possible to start the process with A high 
current which automancaliy tapers off. reaching a value of 
approximately I ampere when a slate of full charge is 
reached. When a tungar rectifier outfit (constant Cot* 
rent ) is used, the battery usually cannot be charged at 
a rate higher than 1 to 7 amperes. The current remains 
aimost constant during ihc entire charging process, The 
constant voltage mrfhod requites less time, and does not 
require much supervision. The constants uncut method 
rrtjuirei a longer time to charge a battery fully, and 
toward the enJ of the process caie should be taken to 
avoid overcharging, 

(1) The constant-voltage method uses i generator 
driven by an cU-Mnc motor (fig. \l}>) or a gasoline 
engine {hg. 114). The output leads of the generator 
ate connected to large copper bus barf, across which I he 
batteries to be charged are shunted The batteries are 
therefore connected io each other in parallel, and must 
have the same voltage raijnp. The potential difference 
between rhe bus ban » adjusted by meant of a field 
rheostat to a vatue of 1 4.25 volts "or sightly higher. 
Each battery automat ically draws a current suited to its 
own ampere-hour capacity and in accordance with its state 
of charge, A battery of high amncrrliour capacity has 
a lower resistance than a battery of low capacity, A bat- 
tery of high capacity draws a heavier charging current 
than a low capacity battery in an equal state of charge 
when both are subjected to the same charging e.m.f. 
As the it ate of charge of any battery increases, its voltage 
increases, the net voltage decreases, and the charging 
nte of (he tut eery dec teases. The initial charging current 
furnished to a battery in a low stale of charge may be 30 
to 50 amperes. The value of the charging current of 
any batters- may be found readily at any time by switching 
an lmrrncr. provided tor the purpose, inlo the battery 
circuit. When a ban cry reaches a fully charged state it 
may be permuted to remain connected to live bus bars 
without harm, for the charging current is then approxi- 
mately i ampere, 

(2) When the available electrical source is K, A 
tungar rcclutcr out tit may ne used ror oartery cnar^mg 
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(fig, 1 1 3 J - This equipment includes a transformer to 
step down the line voltage and a tungar rectifier bulb, 
which converts the ft-e into d-c. required for battery 
charging. The rectifier audit may Include two indepen- 
dent charging circuits, each separately controlled by trans- 
former tap switches* Only batteries of equal ampere-hour 
capacity should be charged in one circuit at one time; 
whether they are 12- or 24 -volt batteries is immaterial. 
As many batteries as desired may be connected in series 
(plus to minus) up to a total voltage not in excess of 
84 volts (with most charging outfits) in. one charging 
circuit. The charging rate (5 to 7 amperes) does not 
decrease to any great extent as the charging process goes 
oo. The resistance in the charging apparatus is much 
greater than that of the batteries under charge. The 
voltage applied to the charging circuit must therefore be, 
ftom rtje itul, .some ft* volts above the voJtnr;c of toe 
batteries in order to overcome thii resistance. Therefore, 
the small increase in battery voltage as the batteries be- 
come charged produces little change in the net voltage 
in the circuit; and likewise, (he decrease in internal 
resistance of the batteries produces little change in the 
total resistance of the circuit As a result, the charging 
cu rrent rcmai ns substan tially constant The specific grav- 
ity of the batteries must be checked, frequently, for some 



batteries will reach full charge sooner than others, and 
may be damaged as a result of overcharging if left in the 
circuit. 

d. A storage battery En service in aircraft is charged by 
a constant-potential system, the voltage of the engine- 
driven generator being held constant by use of a voltage 
regulator. The generator voltage is predetermined and 
adjusted in accordance with the voltage of the particular 
storage battery in be used; the varying charging require- 
ments of the battery arc automatically satisfied. 



62. MAINTENANCE, a. Aircraft storage batteries are 
of relatively low opacities to save weight It is imprac- 
ticable to repair an aircraft battery; therefore, it is re- 
placed when it becomes unfit for further service. In an 
emergency, however, a defective ceil may be replaced 
with a cell taken from another battery. To remove a cell, 
the connectors must first be removed, This is done by 
drilling into each end of the connector at the terminal 
post- use 4 drill slightly larger than the terminal post 
The connectors can then be removed by prying between 
the connector and terminal nut with a suitable tool, The 
cell can be pulled after the sealing compound has been 
removed from the cell cover and cell jar. The plate 
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groups can then be separated by removing each terminal 
nut and pulling the positive and negative plates apart. 
When reassembling he sure to place a separator, grooved 
side toward the positive plate, between each positive and 
negative plate. In placing the cell back in the jar, the 
cell cavers must be sealed by running hoc Scaling corn- 
pound between the celt and jif (fig, 115). The terminals 
and connector can be reconnected by using a small torch 
to run the metal together. (Caution: Whenever a. 
flame is to be used neat the battery, remove uj| explosive 
gases with an air Wast.) 

h. (I ) Check the vent tubing and note the condition 
of the metal tubing that is used /or protection of the 
rubber tubing; make a rigid inspection at bends where 
there is danger of pinching. The downward tubing out- 
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let should be located where there is no danger of the 
vented electrolyte coming in contact with any part of the 
aircraft. Check the outlet to see that the slip-stream has 
not damaged the protruding tube-end. The vent tubing 
must be clear of obstructions! otherwise there might be 
dangerous, accumulations of spilled electrolyte or battery 
gases. ti.Lfrery cell vent plug botes should be unob- 
structed. 

(2) Check the condition of asphalt-varnish coating 
whenever it has been applied to protect aircraft or engine 
surfaces from spilled electrolyte. 

(3) If any electrolyte has been spilled on external 
parts of the battery or on nearby surfaces, corrosive effects 
may be neutralized by applying baking soda mixed with 
wafer to the {ormstentj of a thin cream. Fresh applica- 
tions should be repeated until alt bubbling action has 
ceased. Following this, wash the battery with clear water 
and dry. The soda solution must not be permitted to 
enter any of the cells. 

c. Check the security of terminal connections* The 
plain washer should be under the wing nut and the lock 
washer under the plain washer, less corrosion results 
when the terminals ace kept clean and tight. 

d. At specified periods, cheek the state of charge of 
the battery with a hydrometer. Test each «H; if the 
specific gravity is J. 200 or below and ail the cells are 
approximately the same, a, normal discharged condition 
is indicated and the battery should be replaced. Regard- 
less of state of charge, if the specific gravity of any cell 
differs appreciably from that of the remaining Ceils of 
the battery, a defective condition is indicated which 
requires battery replacement. 

(1) After the hydrometer test, check the level of the 
electrolyte in each cell and add di>tillcd water if neces- 
sary. The electrolyte level ihould be appro ximateJy §| 
in, h above ihe baffle pTate. 
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(2) All cells in a battery should require about the 
same amount of water; if one eel J requires much more 
thin the others, examine the battery for leakage. 

(3) Acid is never added to a cell to increase the spe- 
cific gravity. Leakage may occur around the base of a 
vent plug which is not tight or may result from the addi- 
tion of too much water. 

(4) Regardless of hydrometer readings* if a battery 
does no* hold its charge under normal service conditions 
or otherwise fails to function normally, it should be 
replaced. 

a. (I) During low temperatures, it is absolutely 
necessary that the- batteries be kept weLI charged or the 
electrolyte will freeze. Temperatures at which mixtures 
of sulfuric acid and water will freeze are as foElows: 



Sperifir gravity of eltifre>l)it: Ftetiing. paint {frabrmitsiO 

1.000 (pLife water) _ 

L030 . - 



MOO 
] .150 
1.20O 
1.250 
L27J 
1.3O0 



- ■■ — 



+ 32* 

-\-\<y 



—62* 
— B5* 
— 



(2) If water is added to the battery during f reeling 
weather, the battery should immediately be put on charge 
to mix the electrolyte. The water^ being lighter than the 
clectrrjJytCp will stay On top and freeze at a much higher 
temperature than the electrolyte. 

f t When an aircraft is to remain idle for more than 
one week, the battery should be removed and returned 
to the battery mom for proper maintenance. 
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SECTION IX 



SYSTEMS 



type and small aurraft is, 12 vulLs. A new high-OUtpu t 
system which maintains irs. voltage at volts is known 
is i 2-Wolt system. Each system has its individual types 
of generator* control equipment. Table 11 gives the 
types of equipment used in each system. In this section 
particular attention! is given to the latest equipment of 
J: l-vult systems. 

6.1. CONSTRUCTION FEATURES OF AIRCRAFT DI- 
RECT-CURRENT GENERATOR, Figures 117 md 11 S 
.show cross section views of generators ustd on 1 1 and 
24- volt aircraft systems. The main features of the 
aircraft jienemfors will be disclosed in detail in the fol- 
lowing paragraphs. Due to the fact that several 
rnjnur.iL.fuftT* build generators for the Army Air Forces 
the designs vary somewhat, However, the general con- 
struction features arc the same. 

o. Armature assembly. "Hi* armature is made up 

of a a(ctl shaft 'on whieh is mounted a laminated soft iron 
core, armature coil* or winding, and a commutator (fig, 
119). 

(1 ) The armature core is made by stacking soft iron 
stampings on the armature shaft, The core is laminate J 
to reduce eddy currents which produce undesirable heat 
(tig. 120). The [ami nations are placed side by side in 
SikJl 1 [jUiintr (tut I lie sluts Unt up. The i]ots arc lined 
with insula Li up h&h paptr to ]- ruled: the armature wind- 
ings. 




63. GENERAL. In modern aircraft the generator is 
mounted on the engine and driven by the engine (rip. 
116). The purpose of the generator is to supply the 
power for all the units of the Lk-Ltrual <,y stern. The 
pEitrator also supplies the power to keep the battery 
fully charged. The electrical system of most aircraft is 
d l in order that a battery can be used as a source of 
emergency power. Tht electrical systems of all earlier 
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the commulaior md The inter shaft it small and iiln 
up the shocki in J vihration* by twi*hng 

b. Fkld^Fame n^embly f I I The t y1irtdrii.-jl 
steel of iron held frame serves as * rnecfumc ,d support 
for the generator and also forms a part at" the magnetic 
circuit connecting the pole* (fig. 121 

(2) The pte<*j are rectangular in cross section 
and an. fa>lcuc4 to riie field fnrne. Figure 122 ihows 
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F.r»'i' / J 9. GtmttJtor jtrnMrnK 

(2) The armature winding* ire made of insulated 
copper wire and ire wound m the tloti of live armature 
corp. Tin- md-. hJ ilit iMndinn* art htouglu olji at the 
commuutni mi J .111 J ^onnLLtud to ihe. commuiMur seg- 
ment 5, Wedges, unj in suinc mudch, sled wirr hands 
are used to keep the windings from flying out of the slots 
when ihc armature is driven at hiph spee dJ. 

(3) The commutator consists of copper segments in- 
Hthfed from each other .ind the atntaUire shift with 
mica *nd held firmly in place with insulated wedge ring*. 
Thc IcjJ^ horn the armature roth are soldered or other- 
wise secured into ilots or risers' of I he tariunutatof lo- 
cated next to ihe windings. 

(4 ) The generator aimaturc is coupled lo the engine 
through i suitable splmed shaft, Ln order lo eliminate 
the violent twisting motion.* caused by I Ik vibration of 
the engine, a sliock ah«)rbirig coup ting h placed between 
the drive shaft and armature. In older styles, und in 
some recent types, a rubber or spring coupling is used. 
Some new high-output machines use a hollow armature 
shaft with in inter- shaft whi<h drivc-i ilir .irrjuture from 
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(2) The brudr links freely in id holder to »llo* it 
to follow i rregu Unties in the surfitc of the 



and to permit it to nuke pood contact with the commu- 
tator as the bruih wars (fig. 12)). A truing provides 
m aHtttani picture on the brushes la hold them against 
the commutator. The brush pressure should usually be 
approximaicty n pounds per square inch of contact area 
Technical Order covering the individual generator. 



rJ, End-fram* assembly. (1) The supporting 
frame at either end of the field frame (sometimes called 
field ring) a called an end frame. * The end frames 
contain the irrmturs bearings, thus supporting the arma- 
ture. On the commutator end, the end frame il&o f tarns 
a support for the brush holder. The terminal bolt* on 
the 12- volt and early 24- volt models and the connector 
plug on the newer 2-1-voJt models are mounted on the 
t urnmuCAlor end (fig, 124). The end frame is flanged! on 
the drive >h*ft end to permit mounting on the engine, 

(2) The end frames are held in place with bo] is 
extending through the field frame, or by studs screwed 
into the field frame. These bolls must be tightened 
securely or the bearings will be thrown Out of alignment, 
permitting the armature core to drag on the pole pieces. 

f j) "Hie armature is mounted on ball bearings to 
give hang life at high speeds and good performance under 
temperature extreme*. These bearing* ire packed with 



* MuwrWlulcn do rmt ill w ihc umt nomtncU 
n|t lt> Hib iucmbtics. The term* end iHiddv tf&ai 

in referring to ntd 



are used bf 



at the factory and should not be lubricated be- 
overturn*, i ncv snouM rx repiacra a* (nTiniLi*. 
<4) The engine U enxu pped with an oil seal Hole* 
are provided in I he mounting flange to allow oil leakage 
to escape without creeping into the generator. 

65. ELECTRICAL FEATURES OF AIRCRAFT DIRECT - 
CURRENT GENERATORS. The generation of voltage 
by electromagnetic induction, residual magnetism, voltage 
build up, and the character! itics of different generators 
have been discussed in a preceding section. However, 
there are several other electrical characteristics whitb 
will he discussed id this paragraph. 

o. lotirty f •nercttom. (1) A gcnenlot is rated in 
power output (iaj.[U} 4 that is, the number of amperes 
that the generator can safely supply at a specified voltage. 
The number of amperes that a generator can sup- 
ply dtpriiL^ ufHjn Mil- amount of hcvt i! . -i £ ■ duupale ur 
radiate; therefore, to make possible hrgh outputs, cool* 
ing ventilation is used a* described in the following sub- 
paragraph. 

(2) The mosl papular of ventilation or cooling de- 
vices are the air scoop figure 1 21, and the forced-drift 
fin. figure 1 2), the air scoop being the moat effective. 
It comi-ifr of a connecting tube from lite lit scoop to the 
generator armature, the generator being cooled by the 
air current trejted by the motion of the airplane. The 
forced-draft faa used on some generators mat be 
mounted at either end of the armature duft and 
cooling air through the generator (fig. 123). 
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b- Typ*« of ormolu r* winding*. Arituiuir coils 
I wound in a Dumber of different arrangement*- The 
general types of winding* i« Up and wive 
wcndingi. However, for ill practical purpose* the 
mcrhiflj< ss not interested in the type of wiiKftng usedl 
Tht procedure for resting and scmcing die armature U 
r 1 1** * i n 1 1 * lil lmjxJi LaUKi 



and 2 negative, [n 6- pole generators* 4 of 6 bmshes 
in used, located is shown tn ngure 124, 

d. FWd windings, (I) Tn the airenft jsenefator 
used on I he LJ-n>Ji system, and on small *4-voh sys - 
tens there *re thfe* terminal post* marked A+ w and 
A— r and F+ (6g. 117). These letters stand lor arm* 
hire positive M + ^mature negative (4—) md ncld 




[I) 12 VOLT OR EARLY 2* VOLT MO 
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TO EQUAL HCft BUS 



Ptprt 124- T<T*u*#t fawtttitam a\ !2* *nd 24*t>olt 



t ftntth In t of ifl n. The number and location of 
brushes will depend upon the numhef of pole* in the 
held. In small lo* -output gcneraiufi with ^ poles, 2 
brushes, located 90* apart, arc used, la higher output 
generators wuh font poles, 4 brushes are used, 2 positive 
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The shunt field terminal F-f obtain* 
terminal through i voltage regu- 
Uxor, the current then passes through the shuntfield 
coils and bade to the armature through the negative 
brushes. In tdditwo to this field current there is jJso 
the load current which leaves the armature through il»e 
positive brushes, passes through the seriev field coils 
(shewn in heavy tines) to terminal A± and after pass* 
tag through the toad returns to the gmentur Armature 
through the A — ■ terminal jud the negative brushes. The 
Current generated in the armature is according If the sum 
of the >hunt current and the load cm rent. The two field 
coils i shunt and series) wound on each pote carry cuf- 
rent in ihe same direction and aid each other If no series 
jfkld were used, the positive brushes would be connected 
directly, through flexible leads, to terminal A+. 

(2) tn KMX Urge 24- volt generator*, t connector 
plug ha> been used instead of connecting terminal (fig. 
124 J, but connector termin-ils will be provided On future 
generators. The internal construction of small and Urge 
generators ate similar, but different letters are used for 

thecomiMi Terminals B, A. smd t m the large 24+ 

volt generator! cor tea pond to term i nil* A± t F-f and 
yl— in the 12 vott generator arid types L and M — I. 
24.,.!. sma * a . tn .Jdidou ta B. A. ml B. 
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I wo other termini!* D uid C ire used. TetrruoaJ D is 
connorted to I mside the generator and is used in the 
jijn Elel jng of two or more generators. Hmem, in some 
of the early generators this connect nan wi> omitted and 
it became necessary to connect D to £ inside the plug. 
Terminal C is used at the present in one generator, as a 
Kcond held connection. 




: Dhttortlon of magntlic field. (L) When the 
generator is in operation,, trv ioid ind armature circuit 
tre connected in scries; thus all the current must pus 
through the armature, The armature conductors, there- 
fore, tit surrounded by electromagnetic fields, the 
strength of which varies with the Joad current. These 
added held* tend to distort the magnetic field furnished 
ny ine mam neia poi.es. inn- uistoctio n ort odes, greater 
as the armature airtent increases, (rig. 123), 

(2) Because of field distortion, a voltage induced in 



the roils shorted by the brushes would result in sparking 
between the brushes and commutator segments, pitting 
of the commutator, and excessive brush wear. Thus, the 
output of the generator would be reduced. To correct 
this condition, the brushes must be set at such a position 
thit the plane of the coils which are shorted by the 
brushes u perpendicular to the distorted magnetic held. 
Therefore, the brushes ate moved forward in the direction 
of rotation. This is referred to as shifting the brushes 
to the neutral pUnc Or plane of commutation. On sumc 
generators, the brushes may be shifted manually is de- 
sired. On non-adjustable generators the mmufartuiet 
sets the brushes for minimum s narking at %\ to V x i uH 
joad (fig. L29). 

(I) Inttrpoles .may be used to counter act some of the 
cfTd.tv of held distortion, as shift mg thr brushes in in- 
convenient and unsatisfactory, especial ly when the gen- 
erator speed and load are changing ton luntljr. The mag 
netic strength (and therefore the concttivc influence) of 
the interpole* varies with the bad On (he generator. This 
is ideal, because the field distortion varies with the load. 
In the generator the polarity of the interpole should be 
the same is that of the next main pole in the direction of 
rotation. The interpole is so located thai the rlux pro- 
duced causes the current in the armature lo change direc- 
tion as the conductors pais under it. Thu fiaes the neu^ 
tad plane in one position for all loads on the generator. 
By the use of interpole*. the efficiency, output, arid serv- 
ice life of the brushes *n4 «mmur*t« tre improved 
(fig 130), 

66. REGULATION OF GENERATOR VOLTAGE. □. 
G*n*roL Since most electrical l tit nits are designed to 
operate within a definite range of voltage, it li important 
to keep the volrajjr tonstant. In aircraft, the generator 
is operated it variable speeds and variable loads. Jn 
[tt niiiJitain rne s oarage constant unoer uvese con- 
automatic voltage regulators have been dcMwd 



b. Princ/pl* of Raid r»gulotien. (i) The voltage 
output of a generator depends upon three factor*; 
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(j) The number ol ifjilature LOnduiiOrs connected in 
series, 

(A) The speed of the rotating armature, 
(f) The strength of the magnetic field. The strength 
of die magnetic field depends upon the number of am- 
pere-turns (ampere X turns) of the field windings,, and 
since the number of turns of wire in the field is fixed, 
the Current sent through the Windings is regulated to 
control the terminal voltage of the generator. 

(2) Figure 131 is a simple diagram which illustrates 
the principles involved in voltage regulation. If the 



(2) When the generator is not operating, the spring 
bold* the contact points closed. A* the generator comes 

up to speed, current flows directly from the terminal 
to the F-j- terminal through the closed contact points* 
As the voltage rises, the current through V increases, and 
its iron core becomes more strongly magnetized. When 
the magnetic attraction on the movable arm becomes 
strong enough to overcome the spring tension, the con- 
tact points arc separated. The held current must now 
flaw through the resistor, and because of the resistance 
added to the field circuit, the current in the field circuit 
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field-circuit resistance is increased (as by a rheostat), 
the field current decreases, which in turn decreases the 
field strength and lowers the generated voltage, 

t. Vtb rotor-type voltag* regulator. (1) A sim- 
plified vibrator-type voltage regulator (figure 132) con- 
sists of a coil of fine wire ( V) wound aJuim.l ,l soft iron 
core- two contacts {C), one mounted on a movable soft 
iron arm and the other stationary; a helical spring (V); 
and a resistor (R), The voltage winding (V) is con- 
nected across (in paialtcl with) the generator terminals, 
A-\- and A — and the resiitor is connected across ihe 
contact points. 

Digitized by Google 




F'tptt Gtx<*Mvt wiih inlerpolei. 

decreases. The magnetic field of the generator therefore 
is weakened and the pull of the magnetized core de- 
creaics, and the spring closes the contacts. As a result, 
the field strength and the generated voltage rise again. 
This cycle of events oci.urs over and over again, the 
points opening and closing many tunes per second. The 
U-rminal voltage of the generator rapidly varies above 
and below an average value determined by the tension 
of the spring, which may be adjusted. The vibrating 
voltage regulator is used on 12-volt systems and on low- 
output 2-1- volt systems. 

67. REVERSE-CURRENT CUT-OUT RELAY* e. Pur» 

pOS*. The purpose of the reverse-iurrem ^ut-Out relay 
is to disconnect the batter)' automat ualh- I ruin the genera- 
tor whenever the generator voltage is less than the bat- 
tery voltage. If thi"; device were notu^t-.l m the generator 
circuit, the battery would discharge through the generator 
whenever the generator was not operating. This would 
tend to make the generator operate as a motor, but be- 
cause the generator is coupled to the engine it could not 
rotate. Under this condition the generator, generator 
wiring, or both may be severely damaged and a fire may 
result. 

b . Const r u cti o n . E n *igi i r<- I "i s a reverse-current cut* 
out relay is shown as a parr of a simple generator-battery 
system. There are two windings on the soft iron core; 
The current winding CM'', which is in series with the 
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litis and must carry the entire generated current, consists 
of a few turni on heavy wire. The voltage winding VW 
consist* of $ large number or" turns of relatively fine wire, 
and is shunted across the generator leads. The two coils 
are wound on the core im the same direction. The 
movable irm carries a pair of contact points C which 
normally are held open by a spring 5". 

Ci Op-orOtiott. When the generator is not operat- 
ing, the relay contact points are open so that the battery 
dots not discharge into the generator even if tlte main 

As the generator ' 



up, the voltage winding of the cut-out relay ma.gnz:iztA 
the iron tort When the generated voltage produces 
sufficient niignetisni in the iron core, it attracts the 
movable arm, thus closing the contacts C, and the gen- 
erator begins to- charge the battery, The coil spring js 
So adjusted that the voltage winding will not close the 
contact points until the voltage of the generator Is at a 
value such as to be in excess of the normal voltage of the 
battery. The charging current passing through the current 
winding of the cut-out relay aids the voltage winding in 
holding the points tight!/ closed. When the j 
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133. Generator voltage tegstlMioa hj- tinfile vibntttr-tffe rtghtaipt. 
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Figure 133- Generator >tmt*r} synem kith rfwtse-itirtent iut^ut. 
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slows down, or for any other cause the generator voltage 
decreased Mow that of the batiL-ry, the current from Ihe 

LMtU J through tht iii--rL:il ■■•..mJmft l:i mjlIj A way 

as to tend to produce magnetism of opposite polarity. 
This tends to counteratt the magnetising influence of trie 
voltage winding, reducing the mannerism of the core* 
Therefore, the <oritj.Lts are opened by the spring, and the 
circuit between ihe battery and the generator is broken. 
Daring normal operation, the contact points do not Open 
until the reverse current Jn readied a value ol j to 1 
amperes, 

6S GENERATOR 12- AND 24-VOLT CONTROL 
PANELS^ o. Generator iuhLeuI panels are usually re 

i erred to as two- unit or three- unit control panels. A 
two-unit control panel rruy unihist of a vibrating-type 
voltage regulator ami a reverse-current cut-out mounted 
on the same panel. Figure 13-i is a top view of a 1 2- 
volt, two-unit Lonlrol pane.- 1. A nimplincd diagram of 
i single-engine generator circuit with a two-unit control 
panel is shown, in (fig. J 54 @V A simple wiring- dia- 
uram for use in circuit analyiisliig. 114®}. This panel 
is adjusted to regd-ite the voltage at 14,25 volts and to 
connect the generator to the halt cry at 13,5 volt*. 

b. Early 21 volt systems also used a two-unit control 
panel with L type and M-l type generators, The oper- 
ating principle of the 24- volt vibrating voltage regulator 
ih .simitar to tlut of the 12-voJl ^ >tem; however h some 
refinements have been aided. The Leece-Neviile ^-volt 
panel has an extra set of points. These points short out 
the field when a very low average value of field current 
is required to maintain the voltage constant Figure 135 
shows a typical 24-volt vibrating regulator, type B-lA* 
Type B^IB. 24- volt, control pine I has a carbon-pile volt- 



age regulator element. (Set paragraph loh (2.} for prin- 
ciple of operation,) 

*9. VIBRAIOR-TYPE CURRENT LIMITER. p. Fyr- 
pos*. The purpose of the vibrator current limiter is to 
limit the current of the generator automatically to its 
mjjcunum rated output. This device will protect the 



b. Construction. The construction of the current 

li miter is similar to that of the voltage regulator except 
chat tile actuating coil is in series with the main line. 
Thus, the amount of current flowing m die line is the 
determining factor in the operation of the limiter, instead 
flf the voltage across the line, as in the case of the voltage 
regulator. The coil consists of several turns of large 
wire, since it carries the entire " 



c. Optralion. In figure 136 a vibrator-type current 
limiter is shown as part of a simplified wiring diagram 
of a threes j Lit control panel. The spring 5 S holds the 
contact points C 3 together until the Current through the 
main line and series winding SW becomes excessive, 
magnetizing its iron core to such an extent that the mag- 
netic pull on the movable arm overcomes rue tension of 
the spring, and opens the contact points. This inserts 
resistor Ra into the field circuit of the generator, de- 
creasing the field current, the strength of the magnetic 
field, and the generated voltage. With decreased volt- 
age the generator current is [educed. The i ton-core 
regulator is therefore partly demagnetised, and the 
spring closes the contact points, This causes the gener- 
ator voltage and current to rise, until the current reaches 
a value sufficient tn start the cycle again. The spring 
may be adjusted to limit tlie current to any desired value 




within the rating of the Knitter, In other respects, the 
three/element control panel is similar to the two-element 
panel. 




rtt**< JJ>- Gwwr (vitrei tB-ldi. 



7u\ PLUG-IN MODfLS OF 34-VOLT VOLTAGE 
REGULATORS, a. General. In kte models of air- 
craft using die high-output 24- volt system, the voltage 
regulator arid gertemot reversc^urrent relay switch are 
installed as separate units The voltage regulator plugs 
into a standard panel socket or sub-base, so that it may 
be easily removed for inspection or replacement The 
plug-in model* are designed to control the voltage of 
generators with an Output of several hundred amperes 
at 2& volts, and to provide regulation over a wide range 
or generator speed anu load \iig, li/). 

b. Ops rating principles of A« Id -rheostat votloge 
regulator. The automatic Meld- rheostat type voltage 
regulator does not use the vibrating contacts as discussed 
in paragraph 66. One type of field-rheostat regulator 
works on the principle of shorting out portions of a 
tipped resistor (fig. lie). The General Hcctric and 



VOLTAOt CURRENT fi£vE»$£. CUftft£tJT 

REGULATOfl UMITEq CUT-OUT 




Figiitt 136. T}f>itd l-iinis tenttol pint! »"*g loth voluge juJ (kmnt n^idtion. 




Figxrt 1}7. Valtogr-rrgfttaiot nth-bos* uub regulator 
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Westinghouse regulators operate on this principle. An- 
other popular type regulator uses the variable resistance 
of a farbon pile. A stack of carbon disks have a resis- 
tance which varies with the mechanical pressure forcing 
them together. The greater the pressure the less the 
resistance (fig. 159). 

(I) Tapped resistor twitege regulator. Two makes 
of tapped resistor regulators axe used by the Army Air 
Forces, Westinghouse and General Electric (figs. J 40 and 
1 -\\ ). The principal difference between the two is in the 
arrangement of the contacts. Both have the voltage of 
the generator applied to an electromagnet which is fittuJ 
with a movable regulating arm and balanced by a ca?i- 
hrjtcd spring. Whenever the generator voltage is below 
normal, the resistance of the resistor is short circuited 
through the contact Jeaves or fingers. As the voltage 
rises to normal, the electromagnet causes the rnavihle 
armature to opto some of the contacts thus adding rcsis- 
Oriqinal from 

UNIVERSITY OF CALIFORNIA 65 





f'j*'* NO. ff*FS//*f^»i# 24-f*lt in'ujff rrf»/o<flr, fVfarr G***rjf Electric 24 9*1* wiut* wf W j w r* 



, I , Original from 

U 8 K UNIVERSITY OF CALIFORNIA 




tt&*hl<>r shewing fntrrmd r/rrnits. 




Ftl**t U3- Bent! J'jumt «f Crmrr^ 24-rolt lolUf* 

ttgulmttrt sh*i*t*l ftc*jl titUUtl. 

DigrtaedtyGoOgle 




fit*** Hi- Dtlio-tttmi 24-f a't rjrlwifpilt i*h*f< *t£*tui>t. 
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Ijixc to I he field ritruit. To adjust the voltage of the 
generator *y*tcm the tension ol the ipnng n incrti^cd 
\>t dn teamed to correspond to the JnireiJ voltage, The 
lirUilcJ ton»t tuition may be seen m h£ur« X-i2 and 1 IV 
(J) The carbon- pile votta£r regulator. The carbon - 
|iilc tultige regulator also is used by the Army Air Fortes 
{ tig 14-1;. The Dcko-Rcmy, Lette Neville, 4ml 
I c lipsc arc of this type .tmi arc similar in lunstnjitiuri 
(hg. NV), General Electric and We^tingliuuw ilio 
will woo produce carbon- pile-type voltage reguUtorv 
In l lie Duio-Rvmy larhoji-pdc regulator, a group of 
approximately 20 carbon didis and 21 graphite disk* arc 
jKcrrukly pljccd in an insnUnnq i-cranm lube iniidc 
of the ufbun-jnle homing uhicn ii fitted with 6nt to 
radtjie (He hcji A wlenotd arrangement regulates (lie 
ytt i»urc ol m spring on one end oi r he carbon disks { rig 
1+6 1, An insulated pkte and jJpu^<ng screw »linh 
mako a rnntact with the uJitxjfi-ptic a mounted on the 
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other end of the carbon- ptle housing. The other contact 
with riic carbon pile is rude through the spring an J 
armature asnemhly. When the voltage of the generator 
charges, the solenoid which is connected to the generator 
varies the tension of the spring, thus changing the me- 
chanical pre»urc on the disks. The disks, in turn, vary 
the resistance in the field circuit of the generator. This 
type of regulator is adjusted by means or a smalJ rheostat 
which increases or decreases the current flow in the regu^ 
Eator solenoid, 

71. PARALLELING CONTROLS. P. Gett*r«l. For 

the successful operation of two or more generators con- 
nected in parallel, it is essential that the generators shire 
the load equally, A. very small increase of voltage in 
one generator will cause the generator to supply the 
greater part of the power. The load on a generator ti 
ottcn referred to as ampe re-load. The load or power 
actually is measured in watts but because the voltage is 
considered to be constant, the power is directly propor- 
tional to the ampere output of the generator. 

h. In order to distribute the load equally among the 
generators, an equalising coil is wound with the voltage 
•coil of the voyage regulator as shown m figures I 43 and 
146, The circuit of the equaling system is shown in 
figure 147. A fixed resistance is placed in the lead from 
E to ground. The resistance of this lead will be web 
that, when the generator is operating at full current out' 
put, there will be a 0.5 volt (/J?) drop between E and 
lite ground. The operation of the equalizing .system de- 
pends upon the IR drop In the separate ground leads. 
Itie resistance in the ground lead may be put in the cir- 
cuit by making the ground lead long enough to have the 
required resistance, or special resistors may be used ( rig. 
148). Tn the installation of the auxiliary power plant 
a piece of No, 3 ni chrome wire approximately 4^ inches 
long is mounted between the Jie^tlve brush and ground 
for the equalizing resistor. The generator furnishing 
ihe rntist puwer will ha\ l' the greatest voltage {1R) drop 
in its negative lead; the generator furnishing the least 
power will have the smallest voltage drop in its negative 
lead. The point E of the generator supplying the most 
power will be at a lower potential than the correspond' 
ing point £ of the other generator, thus current will now 
through the etjuiliiin^ System from E of generator No. 
z to I- of generator No. l. From the figure 147, it wjJJ 
be noticed that current will flow in the opposite direct inn 
in the equalizing coil of regulator No. 2. than it docs in 
the equalizing coil of regulator No. I ; that is, the equal- 
izing coil will aid the voltage coil of the regulator of 
cent far or So. I J oppose the voltage coil of the regu- 
lator of jjenerator No< 2, The effect will be that the 
voltage of generator No. I will ]>e lowered and the volt- 
age of the other generator will he increased. The current 
flow in the equalizing circuit thus tends to produce an 
equal load division between generators. 

72. 24- VOLT generator relay switches. □. 
General. The generator relay switch performs the 
same function in the high-output 2*s -volt system as the 
reverse-current cut-out in the 1 2- volt system. It connects 
the generator to the bus whenever the voltage becomes 
26 } rfc 0.U5 volts and disconnects the generator from the 
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bus when the bow voltage exceeds that of the generator. 
The relay switch uses a modified reverse-current cut-out 
to operate a heavy relay which controls the bus circuit, 
Another function of the relay switch is to break the gen- 
erator circuit whenever the pilot wishes to- disconnect the 
generator from the bus. Rather than run a heavy lead 
to the cockpit and use a large switch, the circuit is con- 
trolled with a small switch in the relay or contactor-coil 
circuit. 

b. (I) The General Electric relay switch is shown in 
figure 149- This switch incorporatej a poiarised relay 
which will Cause the main contact*, to clwc whenever the 
voltage of the generator becomes 2G\5 -|- 0,05 volts. The 
copper-oxide rectifier unit prevents the relay from closing 
when the generator polarity is reversed. The polarized 
relay also serves the same purposes with the result that 
the rectifier's m-iia function 1* temperature compensation. 
The polarization of the relay by means of a permanent 
magnet also insures that the relay will open even on high 
values of the reverse current which otherwise might re- 
verse the magnetism of the voltage coil and hold the relay 
closed, 

(2) Whenever the generator vokage has reached 
2d 5 in. 0,05 votts the polarized, relay and switch connect 
the generator to the contactor coil; thus the control circuit 
is complete and the contact relay energized. The con- 
tactor or relay is so cynstrucred that two- copper points 
close first and open last; two silver points close last and 
open first, This arrangement eliminates any arcing at 
the silver points, thus insuring a goud contact. In the 
reverse process when the generator voltage drops below 
the bus voltage, a series coil yi the generator line will 
neutralize the effect of the shunt or voltage coil on the 
polarized nhiy. This will demagnetize the core of the 
relay and the relay points will open. The opening of the 
relay points will break the circuit of the contactor coil, 
the contactor points will break the circuit of the contactor 
coil, and the contactor points will then open and break 
the generator circuit (fig. 130). 

c t The Lcece-Neville relay switch is simitar in con- 
struction to the General Electric except for a lew details 
(fig. 151). The rectifier, instead of being a copper oxide 
typCj is a selenium oxide type. The shunt or voltage coil 
ol the polarized relay is conned J &om ywh.it differently 
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in that the current must also pass through the control 
switch before the polarized relay points can close. 'I Ik 
contactor is very much the same as that used in the Gen- 
eral Electric relay switch. It incorporates two sets of 
points,, one of which closes first and opens last to protect 
a set of low- resistance points (fig, 152). 
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d. The West inghouse relay switch (fig. l}3) is essen- 
tially the same as the General Electric and Leece -Neville. 
IE uses a set of permanent magnets to gain its polarized 
effects {fig, From the figure, it can he seen that 

the current passing ore way wilt magnetize the movable 
har and cause it to be attracted to the south pole (where 
the contacts are located). A current passing through the 
current winding will neutralize the effects of the voltage 
winding which is acting; to hold the bar against the con- 
tacts at the south pole and the spring will then pull the 
bar to The slop at the north pole position, opening the 
contact*. The circuit of the Westinghouw relay switch 
is shown in figure 135. The contactor is essentially the 
same except for a slightly different arrangement of the 
contact points. Instead of using two points to break the 
circuit, a rocker-type contact is used. Contacts are made 
and broken at the beginning and end of the movement 
of the armature. Henre, only the end of the point is 
subjected to the arc. 

73. AUXILIARY POWER PLANT, a. G*n*ral. The 

purpose of the auxiliary power plant (fig. 156) is CO 
serve as. a source of electric power for storage battery 
charging and for the testing of electrical aircraft equip* 
merit while the airplane is on the ground. It may also 
be used as an auxiliary source of electrical power at low 
altitudes In Case of an emergency. (The Home] it e auxil- 
iary power plant it limited in output at altitude above 
5,00 feet and should only be used for limited periods of 
time or in the event of emergencies.) The auxiliary 
power plant is sometimes mounted in the airplane and 
connected to the airplane s electrical system. The auxiliary 
power plant consists of a gasoline engine coupled directly 
to the generator Hie voltage output of the generator is 
regulated by a standard voltage regulator. The generator 
furnished with Homelite auxiliary power units is usually 
a standard aircraft model and replacements ran be drawn 
from stock. 
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b, Engin*s* The gasoline engine is a 2-cycle air- . 
cooled engine. The speed of the engine is controlled by 

a governor which regulates the fuel and air mixture en- 
tering the engine'; cylinder. The ignition system transits 
of a high- tension magneto and a spark plug in [he cy tin- 
der head. Lubrication of the engine is provided by the 
mixing of crankcase oil with the fuel The engine is 
cranked by motorizing; the generator or with a "rope- 
type" starter. 

c, Gtntretor. The generator is of a special design 
and is connected directly to the crankshaft of the engine, 
In Order to make the generator an electric motor of suffi- 
cient torque to crank the engine,, a novel arrangement of 
a series held is incorporated in the generator. When the 
starter switch is closed the series field circuit is connected 
to the battery and the generator normally operates an a 
simple, shunt generator* 

d, Voltag* regulator. The voltage regulator of 
the power plant is the standard Army Air forces design. 
The standard sub-base is mounted on the generator and 
any 24-voJt voltage regulator available m,iy be readily 
attached. The reverse-current relay is of a special design. 
A diagram of the generator system is shown tn figure ] S7. 

74- COMPLETE GENERATOR SYSTEM, a. In the 

present Army Air Forces airplane, the electrical system 
provides power for many of the airplane accessories and 
armament, Without the electrical system, the propellers* 
fuel pumps, radio, landing gear, lights, turrets, arma- 
ments, etc, would in many cases be inoperative. Con- 
.setjuently, the tUtttieat sptem must b* m w^rk 'tug otJtt. 

fa. The source of electrical power is the generator. 
The airplane electrical system is so designed that J he 
electrical load necessary for flight can be tarried by one- 
half of the generators on the airplane. The purpose of 
the battery is to provide power for starting the engines 
on the ground and for testing the electrical system. The 
only time it is needed in the air is to furnish power for 
short heavy intermittent loads. The auxiliary ppwer plant 
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(if instated) provides power for starting the engines on 
the ground, ground testing, and emergency power at low 
altitudes. 

C The electrical system of a single engine airplane 
uses a generator regulator and relay switch; a diagram of 
rJiis system is shown in figure 13 a, 

d. TV complete System, as used on a large airplane 
or a multi-engine airplane, is shown in figure 139. This, 
figure shows the main bus connected to the generator 
system, auxiliary power plant, battery circuit and ex- 
terna] power connection. The generating units and the 
Circuit ate identical to the single-engine installation ex- 
cept the generators arc connected in parallel and a suit- 
able device is used to evenly divide the load among 
individual generators. 



75. SYSTEM ADJUSTMENTS, a. Central, The ad- 
justments of the power system are chiefly to set the volt- 
ftgc regulators so that the generators will produce It 
constant voltage of 2$ volts and to adjust the relay switch 
to close the circuit of the generators at approximately 26 
to 2f>3/ 2 volts. 

b + Voltdrj* reguMor. Hie voltage regulator & a 
predion device, wil] not withstand rough treatment, and 
must be handled with care. The adjustment procedure' 
for the Army Air Forces voltage regulator, given in detail 
in TO must be followed with care. This pro- 

cedure is briefly as follows; 

(1) Use a precision-type portable voltmeter, figure 
1 60, £>50 volt scale. This voltmeter must be handled 
carefully as it will not maintain its accuracy under con- 
ditions of mishandling, vibration, or shock. 

(2) Place all generator switches located on the gener- 
ator instrument panel in the "0" position. 

(3) Start all engines which have generators and allow 
them to warm up for the period necessary to bring en- 
gines to operating temperature. 
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Fi$Mff Itt. Ad}ffst:ag Westingbsstse JJWf voltage rrgatiivT, 

(4) Connect the negative terminal of voltmeter to the 
rnetiil structure of airplane and the positive terminal lo 
the if terminal of the voltage regulator (or to the general 
terminal of the relay switch) . 

(5) Increase to 1,800 r.p.m, the speed of the engine 
having the generator and voltage regulator being checked. 
Keep remaining engines, if a miiEti engine airplane, at 
idling speed, 

(6) If voltmeter does not indicate 23 votts, adjust 
the voltage regulator until voltmeter reads 28 volts by 
adjusting the spring tension on the armature in the case 
of Cieneral Electric, figure Kit, and Westinghouse, 
figure \<*2, regulators by mean* of adjusting nut. In the 
case of the carbon- pile regulator adjustment is made by 
turning the small knob, figure 163, which changes the 
resistance of the voltage-coil circuit. After regulator is 
adjusted, reduce the speed uf the engine to idling. 

(7) On ft mufti-engine airplane, repeat the procedure 
outline for fjch voltage regulator iru uding the voltage 
regulator of the auxiliary power plant. 

(81 AftL'i the voltage regulator of all the generators 
on an airplane have been adjubted to produce n voltage 
of 2H voJu, it is necessary tn <hcLk to see if the generators 
shan- the load equally, This is done with the aid of a 
paralleling system fsce TO Close rhe gener. 

ator main-line switches and equalizing switches (if pro- 
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viJcJ) and run the engines up to approximately l.feiOO 
r.p.m.; theautosyn. instrument jn verier should be tumid 
on to provide a. load, all other loads such da radio, lights, 
etc., hemj; off. 

(9) Check ammeter reading whith should be steady 
and alike. Variation between ammeters should not ex- 
ited 3 amperes. If unbalance *s >ow. hurt f/w high 
rtidtnf hy adj luting the <Qcrc3pOoJ4»^ voltage regulator 

(10) Apply heavy load by closing twitches for light- 
ing equipment, inverter*, and radio equipment Chttk 
jwM/rtrr rt.4J<rtgi Jfrvn; they should be *teady in J nearly 
alike. l{ the highest is no more thin .'o .imperei highcc 
tlun the lowest, the setting is latitat wry, 

(11) .Sim n I J anipt.'rajL r c Lhtieremc he more tlun 20 
ampere*, chedt the following: paralleling, wiring, jmd 
regulators. 

(12) If possible, all paralleling adjustment* he made 
with the generator system warm and not while the torn- 
poutrnt ihiih jrc tuu. 

C **lay. i I i The reverve-rurrcnr frlay should 
never be manually closed by picking (be tontact* to- 
gether at scnou* damage to thr (clay, the elntntal sys- 
tem, and to the individual dosing the com am may result. 
Where pom Me. »hcn a rdai u removed, it should he 
replaced by a relay of the same type. 
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(2) The adjustment procedure foe a reliy iwircb if to 
the re.ai- ^ itch to clox at bcrween 26 and 26 5 volts. 
This Li done as to Hows: 

(rf) Conned voltmeter in the tame manner ti for ad- 
justment of the voltage regulator (see b above). Pin 
the generator switch on the instrument panel in the "O" 
portion. Slowly increase the speed of (he engine on 
which the generator whose circuit is. being checked ii 
installed until a current reading: is noted on the ammeter 
on the instrument panel. The voltmeter reading will 
show a alight drop as the relay doses. The voltage just 
heroic the relay doses ii the relay doling voltage. It 
should be between 26 and 26,5 volts. If it b different 
from that value, the relay should be adjusted Ox, if ad- 
justing equipment is not available, replaced. 

(*) Adjustment of the closine voltage of a Leece* 
Neville relay {figure l&i) is made hy turning a small 
slotted nut near the generator terminal This nut coo> 
trojs the tcmion on the small spring. Adjustment in 
case of the General Electric relay {fig, l6i) is 
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plished by turning a small screw in a spring clip 
diaiely above the name pUtt Adjustment of the 
inghousc relay js accomplished by turning a small screw 
with a screw driver to adjust the position of the armature 
inside the small coil, See TO for details go 

adjusting relays, A differential type of relay switch will 
soon be placed In service which will require no 
roent; this fact win be noted on the namcphle, 
(O After the relay has been adjusted, the 
current value of each relay should be checked ai follow*. 
With [lie battery switches operate engine so that the am- 
meter shows current output from generator Slowly re- 
duce engine r.p.m. Ammrfer reading will decrease to 
ae*0 tod then begin to read in reverse direction. Note 
current md.;^ juit before the ammeter pointer returns 
to KtO; this reading should be between 8 and 20 am- 
peres. If the pointer does not immediately return to 0, 
advance the throttle until the ammeter shows a small 
current output from the generator, open main-line switch* 
and stop engine In such cases, the relay it probably 
improperly adjured and should be checked and replaced 
if necessary* 
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76. SYSTEM TROUBLE SHOOTING, a. Trouble 

shooting is Utt looting of the CfflCt CaUse of the System i 
failure to function properly. The generator operates in 
connection with a vultage regulator and Currcnt-relay 
switch. Thus the failure of the system to deliver power 
to the bus can he caused by one of the three units or the 
wiring Fysfcm connecting them t In trouble shooting 2 
small sketch of the system's circuits will often help in 
finding the faults. Faults in the electrical power system 
and the probable causes are listed in the following out- 
line: 

( I ) Generator produces no voltage, 
[rf) Voltmeter J cad may be broken, 
[b) Generator should l>c rUshed. 



(O Commutator shun Id he cleaned. 
Generator should he replace*!. 



\2) Generator produces approximately 2 volts or 
"residual voltage, 

(J) Voltage regulator does not illow sufficient field" 
current to " build up" voltage. 

(A) Field lead to regulator A terminal is open, 
(f) Generator field circuit i$ open. Replace generator. 
(3) Generator produces high voltage. 
(■■0 Regulator is set too high 

(£) Regulator is inoperative, causing excessive field 
current, Replace voltage regulator. 
J r Dash pot stuck. 
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2. Voltage control coil open, 
j. Contacts Vr-elded. 
(f) Field lead A \% shorted to generator positive 
within generator at connector, or in wiring system, 
(d) Generator delivers no current. Causes may be: 

1 . Main-line switch open, 

2. Generator main-li nc circuit open, 

3. Relay switch closing voltage set too high. 

4. Reversed connections at generator. Relay 

switch is polariijfcd so it will not close on 
a reversed voltage. 
Ammeter leads broken, 
rj. Relay switch inoperative, requiring replace- 
ment. 

7. Generator circuit open it either positive & or 

negative R side. 
6. Circuit protector upen. 




Ffgmrt 168, Mrlfi&d of faihiag grmrjicr field. 

77. MAINTENANCE OF GENERATOR SYSTEM, o. 
Generator, (l) In the case where no voltage is pro- 
duced by the generator, remove Lhe voltage regulator 
and with the engine running at approKijnateJy l F !SlK) 
r.p.m. short circuit the A and B terminals at the sub-base 
(fig. 167). If this test gives excessive voltsge it indi- 
cates that the generator is not at fault but that the trouble 
lies in the voltage regulator, 

(2) If this test fails to produce a voltage the generator 
fiuld may have lost its residual magnetism. To restore 
residual magnetism the field may be flashed by connect- 
ing the A terminal of the regulator base (with regulator 
removed) to a source of battery voltage at a junction box 
or bus (fig. 168} (engine running at 1,800 r p.m.). 
Ay.ain connect A to B as in ( l ) above and if still no 
voltage 15 produced, chock the leads for continuity, shorts, 
and grounds, li the generator is so located that the 
brashes and commutator can be inspected, they should be 
checked for proper condition as specified in Technical 
Orders. If necessary replace brushes and clean the com- 
mutator If the generator Is so located that it cannot be 
M-ivii-ed remove: it from (he airplane. 

(3) After removal, disassemble the generator and 
dietfc the field + armature, brushes, and commutator. 
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(d) Check the field for opens, shorts, and grounds. 
The resistance of the field as measured with an ohmmeter 
sW)J be from I to 7 ohms depending upon the type 
of generator (fig. 169). 

(*) Check the armature visually for such troubles as 
burned insulation, unsoldered connections, dirty com- 
mutator, high mica, etc. Check the armsture in a grottier 
iat shorts by placing the core of the armature in the 
V-slot as shown in figure 170l Explore the armature 
core with a hacksaw blade keeping the blade On top and 
rotating the armature. Since the armature is wound 
symmetrically, the blude will be attracted with the same 
force by a good armature regardless of its position. On 
the other hand, a shorted armature coil wiEJ cause a place 
of stronger attraction. Check with a continuity light be- 
tween commutator and shaft for grounded armature colli. 

(f ) Check the brushes for length and general condi- 
tion. Particular cate should be given to generator brushes, 
when working with airplanes used for high altitude fly- 
ing. Coniult Technical Orders on the specific generator 
for correct brushes, Uu &Mj the rKV/rrmwdfJ brvikei. 
New brushes should be seated with No. (XX) or finer sand- 
paper (fig. 171). Consult Technical Order on proper 
brush spring tension, 

(J) Clean commutator with No. Ot)0 or finer sand- 
paper and blow out with compressed air blast, Replace- 
armature if burnt, 

(f) Check for high mica (fig. 172) . 

if) Check for dirt and oil in the generator. Blow 
out any dirt with compressed air. If oil Is found in the 
generator check oil seat 

(g) No lubrication of the generator is required bo 
tween overhauls. Do not attempt to iubrkat*; consult. 
Technical Orders. 

b. Vohrige regulator. (I) If the generator is 
generating the proper voltage, the generator and voltage 
regulator are not at fault 

f2l Maintenance of the voltage regulator will con- 
kjm of keeping ii ( lean. 

(3) Particular care should be taken with the finger 
and leaf-type regulators not to bend the fingers, or leaves. 
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HIGH MICA, NO CONNECTION 
WITH COMMUTATOR 



The {onram should be kept clean in J m case of burned 
contact! the huge: or leaf assembly abould be replaced. 
Consult Tci^Lflicil 'Ordcfs on. ifac scFV^ECin^ oj"*crjCEon.s. 

c. Generator rainy twitch. (I) Generator relay 
switch may be defective in that H will no* disconnect the 
generator from the bus when the generator switch is 
opened* This can be detected by a reading an the am- 




the engine' is 
conditton may be caused by: 
(j) Welded contacts 



nonning above L.800 f.p.m with 

I . _ _ i L _ 

mwriK an tne 



(4 Shorted leads, 

(f ) Broken contactor armature spring. 



(2) A defective relay may be the cause of i generator 
not delivering power to the bus. This condition will be 
indicated bv a norinal voltaic readmit and i zero ammeter 
reading, 

(rf) 3Latr j*rr /J&e grnertt&r sutich ii tloud, 
(b) Check ail cable* leading to md from the switch 
relay, 

(f } Check the ammeter leads, 
(■fj Check with Technical Orrfen for methods of 
cleaning contact points. 

d. Auxiliary p»w»r plant, (I) The maintenance 
■ of the voltage regulator of the auxiliary power plant a 
the same at (III icguktor on the main engine-generator 
system, 

{2) The maintenance of the auxiliary nowcr-plant 
will be done in the same manner as outlined for the main 
engine generator*. The bearing on the generato* end is 
grease packed and lectures no lubrication between over- 
hauls. 

(3) In regard to the auxiliary power-plant engine, 
care must be taken to mix the oil and gasoline properly 
by actual siitring of the mixture. The engine must be 
properly checked for carbon deposits, as carbon deposited 
on the spark plugs will cause a short. Carbon will aba 
build up in the v*|ve port, closing off the port to the 
exhaust gases. Check the Technical Order covering the 
individual power pUnt for detail uuprrtlorii and repair 
operations, 
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SECTION X 



IGNITION SYSTEMS 



— 



78. GENERAL. 0. When a mi attire of fuel -vapor 
and air is admitted into a cylinder and compressed, the 
next event in che cycle of engine operation is the ignitiuii 
of the compressed charge at the proper moment. Even 
and complete combustion is obtained conveniently by 
means o f electric sparks which are matte to occur be- 
tween the electrodes of spark plugs installed in the cylin- 
der head or combustion dumkr ut the cylinder 




Fit** J"*- CamfttuinK snJ igniting ti>f futt rhjrge. 



b. An electrical ignition system fumidies <i|\uk-i pr. 1 
odically to each cylinder at a certain position ul pi-.Mii, 
and valve travel, The essential parts of such a system arc 
11 source of high voltage, a timing device to CHOC tbc 




high-voltage source to function at the set position of pis- 
ton travel, a distributing ifLEthaJiisrn to route the high 
voltage to the various cylinders in the proper sequence, 
spark plugs to conduct the high voltage into the cylinders 
and produce ignition of the fuel mixture, control 
switches, and the neceftary firing. The source of high 
voltage may be either a magneto driven by the engine or 
an induction coil connected to a battery or generator 

e. All parts of the ignition system art enclosed in 
flexible or rigid metal covering called shielding (fig. 
174). The shielding "receives"' and "grounds-out" elec- 
trical radiations coming from the ignition system which 
would otherwise produce electrical interference (noise) 
in radio equipment installed in the aircraft. 

79, MAGNETO IGNITION, a, General, The mag- 
neto ts regularly used its the source of high voltage in 
modern aircraft ignition systems. In starting an engine, 
the starter turns the engine over too slowly to permit the 
magneto to operate. Hence, a booster coil or vibrating 
interrupter is required to generate the required voitage. 
On small aircraft engines a starter impulse coupling is 
used; this device is a springdike mechanical linkage Be- 
tween the engine and magneto shafts which will 'wind 
up" and 'let go" at jusi the right moment to spin the 
magneto shaft and thus provide the necessary high volt* 
*£C. The "winding tip" process also serves to retard the 
spirk a predetermined amount to prevent backfiring, 

h. The essenti.il parts of a typical magneto ignition 
system, for a single engine, are shown in figure 175. For 
better engine performance and safety two identical but 
independent ignition systems are used. The rnignetca, 
which are identical, may be "turned On" separately (for 
testing) or both at the same time (normal operation) 
by mejns uf an Ljjnii inn switch. In figure 175, One mag- 
neto is shown assembled and the other with the essentia! 
parts exposed. When the magnet (rotor) of either 
magneto is revolved, the cam on the end of the shaft 
periodically opens the breaker contact points, ft is when 
the points first open that the high voltage is set up in 
the secondary coil and the spark occurs. The voltage in- 
duced in the secondary is applied to the leading elect rode 
of the distributor rotor which is properly geared to the 
magneto; then the high voltage is supplied to each dis- 
tributor electrode at the proper moment. The distributor 
finger docs not touch the electrodes but passes by them 
with a small clearance. The high voltage must break 
down two gaps in series, one in the distributor and the 
other in the spark plug. The magneto is capable of de- 
veloping sufficient voltage to do this. The high voltage 
is conducted from the distributor electrodes to the spark 
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plugs by welh insulated wire in flexible metal conduit and 
a non-HcxiWc metallic ignition manifold, referred to u 
the "ignition harness' { hg, 176), Higli voltage may be 
Supplied during cranking by an igniuon boovttr ^huh 
h Attached to Only one of the magneto*. This ignition 
the form of A booster coil or u 



tion v%b 



toraio 



The high-voltage Output of a booster coil 
is carried through a separate terminal and a collector ring 
on the diitnhulor Anger to to electrode which trails the 
regular or running electrode, thereby retarding the spark 
for starting. The pulwding low-valtige output of an 
induction vibrator is carried through the primary gmun J- 
ing terminal to the primary winding of the magneto coil, 
thereby utilizing the nu^nclo coil for transformation to 
high vult.i^cs. Distributor lingers in induction vibrator 
systems incorporate only one electrode because the mag- 
neto coil secondary is the source of high voltage for both 
starting .lci . 3 running 

c» In figure 177 ii fho« r n a wiring dijprim of the 
magneto ignition system. The functions of the various 
units axe distuned m the f allow in c riricnnhs. 
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SO. CONSTRUCTION FEATURES OF TYPICAL MAG- 
NETOS^ o. Magnetic circuit. The magnetic circuit 
of [he magnetu may be designed io several different ways. 
Oik system uses, touting permanent magnets; 2, 4 and 
even tJ magnetic poles may be incorporated (fig. 176). 



ductors which complete [fit magnetic circuit through the 
coil core by two different piths thus giving the Hu* of 
the magnet two directions through the coil core (figure 
179). The latter type U called tht inductor rotor and 
the former the rotating- magnet type. 




These magnets are made of Alruco material, which is an 
alloy of iron, (aluminum, nickel, and cobalt and will retain 
their magnetism for a long period of time. The magnets 
rotate under pole pieces which complete a magnetic circuit 
through a coil core. Another type of magneto uses sta- 
tionary permanent magnets and a system of rotating in- 
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h. Coil assembly. The coil assembly consists of a 
laminated soft iron tore around which is wound a primary 
and secondary coil. The coil is covered with a case of 
hard rubber, hakelite. or varnished cambric. The pri- 
mary condenser may be encased wirh the coil. The ends 
of the core extend beyond either end or' the- mil assembly 
and are fastened on top of the polcshoc extensions with 
strews and damps. One end Ot the primary is usually 
internally conntLted to a tod -assembly primary terminal. 
On sume models connection is made to this terminal by 
a spring contact; late models make the connection to this 
terminal by means of a topper strap, One end of the 
strap is connected to the primary terminal while the other 
end is connected to the movable contact point or the 
breaker assembly. The primary lemiiiu!, to which one 
aide of the condenser must be Lnnnttied, is located where 
a spring Lunuct from the i^n i£ :n ri-s w i L Ji terminal of the 
magneto may press against it. The underground end of 
the icLOiidary makes electrical contjit with the distributor 
rotor, 

c. Distributor. The distributor rotor is a device 
which distributes the high-voltage current to the various 
connections of the distributor block. This rotor may be 
in the form of a disk, drum, or finder arrangement (tig. 
ISO). Also the distributor rotor may contain cither 
one or two distributing electrodes. The leading 
electrode, which obtains high voltage from the magneto 
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secondary, makes its connection with the secondary 
through the shift of the rotor. The trailing electrode 
obtain* a high-tension voltage from the booster, by means 
of a collector ring mounted either on the stationary dis- 
tributor block or on the rotor itself The numbers on 
the- distributor block mark the nugnrto sparking order 
and do not represent the firing order of the engine. The 
distributor- block position marked "I" is connected to 
No, I cylinder; distributor -block position marked "2" to 
the second cylinder to be fired i distributor-block position 
■ afked y to the Lh.r,! Cyhndec to be li?ci, urL. ():,„■ 
end of an ignition wine [5 ait off squarely and wisher 
, i>l sp.u iku k l ^ u .-.El' ni^.ilki]. Tin. \v.r\: i^ I bi n Knr-: c-.t 
into the proper distributor-btixk hole (fig. 181 ) until it 
butts up against the bottom and is then fastened with 
a piercing scretv driven through the insulation into the 
wire thus making good electrical contact, The other end 
is connect? J to the spark plug with a special fitting. 




1S1. l&nithn Hirer fined iiua diitetb*toe hlock hater. 



d. Crocker osseinbly. {l> The cam on the end of 

the magntt Shalt (except a c compensated earn) has as 
many lobes as there are, poles on the magnet. The num- 
ber of high-voltage impulses produced per revolution of 
iJil- magnet, is equal, therefore, to the number of poles. 
The number of cylinder finnps, per complete revolution 
of the engine is equal to one-half the number of engine 
cylinders. Therefore the ratio of the magneto-shaft 
sr-i.'ed to that of the engine crankshaft is equal to the 
1 lumber of cylinders divided by twice the number of poles 
uji iJll- routing magnet. Ijrlitr niDik-L {k-vLT-iyj^ 
breaker) have a movable contact point mounted on a 
pivot arm and are actuated by a cam follower. In the 
modern, pivotlcss-type breaker assembly, the movable 
point i.s mounted on a spring (fig, lS2) r The points 
ate made of platinum- iridium alloy, A frosty appearance 
of the points indicates that they are in good working 
condition. The cam is lubricated by means of a felt oil 
pad which rides on the cam on older models, and by 1 
plunger type oiler on later models. The plunder-type 
oiler nines nut riJe the cam, but is depressed at designated 
inspection periods, 
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(2) Magnetos used with radial engines may be 
equipped with -l tumpi/iisaied cam (one- lobe for each 
cylinder). Jn this type of cant, the lobes ire gruund at 
unequal intervals to campensjte for the top dead-center 
variations of each piston due to master and connecting 
rod design (fig. 

•< Condensers. The: primary condenser is always 
connected across the points. It may be of several dirh *■ 
ent shapes— rounds nat, or square. It may be located 
in the breaker housing with the breaker points., on top 
of the coil, or in the toil housing. Whenever a secondary 
condenser Is used, that is, a condenser in series wfth the 
secondary wiring it is located internally in the coil form 
or in the distributor rotor 
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by each coll assembly per revolution of the magneto drive 
shah. The high voltage is distributed by two distributors 
mounted elsewhere On the engine. The double-typc. 
magneto in generally used on "tndine" engines. A 
double magneto is also designed for use on radial engines. 
This magneto is basically the same design as the double 
magneto used on " in-line" engines except that two com- 
pensated cains arc added on some instillations. 

c. A base-muunttd magneto is jitjJicd to a bracket on 
the engine by means of cop scit-ws which pas-, through the 
bracket and into tapped holes in the base of the magneto 
(tig. 186). A flange-mounted magneto is attached to 
the engine by means of a flange on the magneto (fig. 
187), The holes in the flange arc slots which permit a 
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f + Shielding and coil cover The magneto has a 

metallic cover which is (ii,uk Ot a nun-magnetic matt-rial; 
the cover joints are tightly fitted to prevent moisture and 
dirt from entering. Tlie purpose Lif this metallic shield- 
ing is to prevent the ignition system from interfering 
■with the radio circuit h finings arc provided On the 
magneto to attach .i shielded ignition harnoh mi ihat lire 
cables may be completely covered. Ventilation is pro- 
vided C d remove undi ns.e! iOii arid corKmvt gis< '■■ i' -nzu. ll 

by the arcing in llic housing. 

81. TYPES OF MAGNETOS, a. Magnetos are built 
in a number of different types. A cutaway of one of the 
common types is shown in hgufe SH4. The design of 
each type depends upon the particular requirements of 
the aircraft engine on which it is to he used, In the 
Army Air Forces, one type of magm.ru can often be used 
On a number of diff^ri-nt engui^. 

b. Magnetos arc built in single and double type*. The 
double types consist of two magnets (fig. The 
double- type magneto contains two sets of hunker pninn; 
therefore, an equal number of .sparks will he- produced 



slight adfuitment, by rotjtiun, in timing the magneto 
with the engine. The single-type magnet" may he either 
base or flange mounted ; the double-type magneto is al- 
ways flange mounted. 

d. The various types and models of standard aircraft 
magnetos are designated by letters and numbers which 
describe (lie magneto as follows: 

flict in 

First S Single type 

D - Double type 

...B Base mounted 

F Flange mounted 

™9 T 12, L \, ctC™_-N umber i>f distributor 



Second „_ 

Third . 

FoLld ll 



R ... 
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electrodes 
..Clockwise rot Jtiun 
(from drive -shift 
end) 

.Counterclockwise iota- 
mm (f ro m dmc- 
shjft end) 

B5 



■ 



Fifth 




A 

<: 



D*ietip{itttr 
..... General Electric 

Scintilla 

Delco Appliance 

^Bosch 

Dei co Bemy (Bosch 

Edison-iijplitdotf 



Example: The type DBSRN (fig. L88) is t double- 
type magneto, flange mounted for uie on an l K<yEinder 
engine. It is designed for clockwise rotation in J is made 
by Scintilla. An Additional number or letter in the type 
designation utih as 1j following J tliih, denotes that 
same change or new feature has been incorporated in the 
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•3, INTERNAL TIMING OF MAGNETO!, The nun- 
ufjtfurcr determines, tor each model of magneto, how 
crunjr degree*, beyond the neutral position a pole of the 
rolor nugntt -huuJ J be in order to mull in the: Jiongejt 
spark it the iiuum or breaker-point separation This 
angular displacement from rhc neutral potion, known 
as the E'g*.\-> angle, varies from 1 to I? degrees depending 
upon the mode!, The rotating rn.i^in.-i wilJ be in the 
t-gan poahimii .1^ m.\i\y SinncN rcvuJutum then: jrc 
poles, A >tep in cut on the end of the breaker cam for 
internal timing of the magneto. When a straight -edge, 
tjul across rhc *tep, mmudei with the timing marks on 
the rim of the breaker housing, the magnet rotor is then 
in me £-gap penman and the breaker contact points 
should be jtitf opening (%. 189). In a compensated 
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cam* the on may be put no in such 1 way tint the step 
or (inung marks WlI) not mean £-gap pcAUion. An lp- 
ptovtd timing light Of synchroniser U used to determine 
when the points hive opened. An appro* ed tyrwhronLier 
ud its circuit ts shown in %ure 19*1. When the points 
time, mo\t of the current will (tow through the points 
and not through the transformers ; therefore, the light 
will not burn. When the point* break the circuit, cur rent 
flows through the transformer in J the tight wilt bum, 
The two magnetos ire iynchroniied by this, device. In 
adjusting the potnti, the technical order lor each type of 
magneto should be consulted. In one common type of 
magneto, the points UC adjusted by loosening two lock 
jcrews (% 191 ) and turning i third (eccentnc set™) 
which raises and lowers the contact po*rii bracket On 
all double mj^nctffi, particular care should he taken to 
get the distributor finger in Jine with (he correct seg- 
ment, A finger not in line at the lime of firing will 
increase the posiibihty of a flashier" in the distribute* 

83. IGNITION BOOSTERS- a. A booster coil is 1 
trull induction coil (fig. 192). The bumier coil ha* 
three terminals which, m figure 19* are marked fj, B 
and HV. Terminal G is grounded while 8 in connected 
through the- meter switch Co the distribution bus for 
battery power. The B terminal connection may be 
routed through the magneto safely ignition switch, then 
the booster coil will remain inoperative, even if die ' 
rtartef switch is closed, until the magneto switch is placed 
in the " 00" position. The terminal HV if connected to 
the trailing finger of one magneto distributor rotor. 
Later tyjie coils for use on airplane* Living- one-wire 
electrical systems do not incorporate % G' terminal 
When battery voltage is applied to the roil, magnetism 
develop* in the core until the magnetic force On the 
soft 'iron armature, mounted on the vibrator, overcomes 
the spring tension and attracts the armature toward the 

d le 



core. This opens the contact points and the primary 
circuit which demagnetizes the core and allow* the ipnnjt 
to rrclose the contact points and complete the circuit. 
The armature vibrates rapidly, breaking and making the 
primary circuit as long as the battery voltage a applied 
to the booster oil The booster cm I generate* high 
voltage by the umt process as the ignition coil This 
process U described in detail in paragraph B4. 

b. The induction-vibrator starting roil is a saurce- of 
interrupted ivw voltage for the magneto primary coil 
which induce^ a high voltage in the secondary lor starting. 
Thu use of the vibrator eliminate* ihe present booster 
coil and iU high-tension leads and conduit. The advan- 
tage of the vibrato* 11 that the magneto, without the 
booster ringer. 11 las liable to flash -over" at high 
altitudes trig. 194). 

(1) Off ration. The vibrator supplies an interrupted 
battery current through the primary winding of the regu- ' 
In magneto toil 'Ilu-. coil then atii like a battery 
ignition coil, producing high-tension impulses which are 
distributed through the distributor mtur, distributor 
blotk, mil cable 1 to the spark plugs. Tins action occurs 
during the entire period that the magneto contact points 
arc open. While these points are closed, no spark can 
be generated, although the vibrator continue* to sen J 
interrupted current impulses through (he magneto con- 
tact points with no barm to itself or any other part of 
the system. 

(2) When the engine ignition switch is in the *W 
position and the starter is engaged, the current from the 
battery is sent through the coil of the relay, causing the 
relay points to close (fig. 195)- llil closing of the 
relay points completes the circuit to the vibrator coih and 
the vibrator prelim 1-1 a rapidly interrupted current. This 
current iv sent through the primary winding of the mag- 
neto coil. High voltage is created in the secondary wind- 
ing of the magneto coil by induction. This produces 
high-tension sparks. When the magneto LOntact points 
are opened, the spark.* are delivered to the spark plug* 
through the magneto distributor-block electrodes This 
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Wtion 11 rcpr.ttect etch time (he magneto conU*t points 
«rc Mrjsiuicd, ending the rnttrrupu il uirruit j^.liu 
llirou^Fi Ik' plmi.iry oi ilu- magnc-lo n»|], uJhtc lilt tfktlOQ 
outlined cxiur* agjin. Thi* jction tuiittritit-i until the 



engine ui firing under the regular magneto spark an J (he 
togpgpa$ *i j iter it released, 

t. The nhrator automatically start* to futKtton when 
the *«itih w in I he "on ' position and the uartef it en- 
gaged It nun to function when ttur *Ciitcr it dis- 
H nee. no special Operating instruction are 

84 BATTERY ICN ITIO H. In the type of electric*] ig- 
nition referred to as battery ignition, in ignition coil, 
tisu.uimJ \a j banciy or generator, it employed as the 
sourLL- i»l Ihl Ii vohigr. The other etrmmts in (he i^cm 
jrr ideutual to those of the magneto ignition system 
except for the omttsion of a booster, which is not required 
Once the v%tem doe* not depend upon rotational speed 
of tlv nuciicto, A represents! ive battery ignition 
system i> vf«jwn in figure 196. The ignition roil don 
not pow«r^ j, met han teal vibrator. A cam, \>nh weral 
Hat Wtfm i, if geared to the engine tha.fr. A ram fol- 
lower open* a pgat of contact points and breaks the 
primary circuit each time a spark is required. Either 
manual or uLtarrLitic control of the brcifeer methaniim 
may ln a provided for advancing or retarding the ipirk. 
Since the uilrage which is applied to the primary by the 
loi\ (v aU.hs haa the same direct ion. the polarity of the 
high- voltage impulses is always the same. This is in 
marked l outcast to the output of a magneto; (he high 
toltage implies of a magneto altrmate in direction 
Hou^cf. tin heat of the ipark created in the rap be- 
ti*txti thr -[-ark-plug cln trades to ignite the fuel, it 
indeprnd< n: of the polarity Dt the high voltage. 

SS. IG Nil ION SWITCHES, a. Control of ignition 
units, Mpr.kicEjr and in all necessary combinations, is 
prinult.t .i| one point in the cockpit by the ignition 
switi h. The ignition control switch for a magcnlo func- 
tions i ■ , |'i.,i[i]y /rom a switch whuh controJs a battery- 
ion unit, When a batter)' ignition unit is 
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-feltuy." left," right," " Mh" 198). Tbu 
switch it similar in appear*™ r tfl the other ling I c -en£ i ne 
ignition, switch- (r* bittcry circuit, how-cvcr. un be com- 
pleted individually and it remain* "on"' when the switch 
i* in the "left," "right, ■ and "both" position. 

The twin-engine magneto ignition switch f fig, 109) 



provide* 1 rid r pendent control of magneto on n*cb 




tery relay. The switch must he plwrcd in the "on" posi- 
tion before 1 he engines can bestial, The terming con- 
ned 10m it the rear of the switch are shown m figure 200- 
d* The twic functioning of the A-2A-1 A twin-engine 
ignition switch is the hjw for the other types of twin- 
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engine ignition switches However, this switch, which 
is disappearing from uw, operates in i digritl}' different 
manner. The A-JA-lu emergency safely switch a of 
the push- pull type instead of the lu^gle lypc utilized in 
ol In. r ciiiMel-i In addition. thL individual magneto switch 
lever* hotli move hi j tlnikwivc direction from oif " to 
' both" position* instead of moving in oppose direction* 
is in the caw of other twin- engine swuthe* 

86. IGNfTrON- SYSTEM WIRING, a, Low-f.ntion 
wiring, Iht In* t iruiun wiring uv:d on a magneto 
coftsi%i* of a tingle conductor horn ihc primary coil to 
the ignition switih. This wire is al*.iy» dneldcd and t\ 
tA.cn through the Ore wall ucth a connector plug The 
conncitor plug is often of a. *periat design which auto- 
OtBticall)' ground* (he magneto* when the pliifl ii dis- 
connected. 
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tension during assembly, The shell is externa Ely threaded 
to screw into the cylinder head And has an hexagonal 
port ion for application of the spark-plug wrench. The 
lower end of the khell carries the grounded electrodes 
of the spark gap. The ihielduig barrel is j sted sleeVc 
threaded it its upper end to provide continuity with the 
ignition-harness shielding. Internally, rhc barrel is fitted 
Vr irL] in insulating sleeve of mica or ceramic material to 
provide elect rkal reparation between the center contact 
and the grounded barrel. A seal composed of gaskets 
or cement is provided between the shell and the core 
insulator, 

(3) Unshielded spark plugs, figure 20}, are used on 
engines installed In airplanes which are not equipped 
with radio. Such engines are low output types used in 
training. The unshielded spark pluj; is similar to the 
shielded type eitept that it lacks a barrel and has a snap- 
On type of connection. 

(■1) The threaded portion of the shell has been 
standardized to two lengths, designated long and short 
reach, and two diameters, 18- mm and 14 -mm, Gen- 
erally, long reach spark plugs are used in high output 

Cf I L |_. r LlLC J, 

c. Operating chtirfaetarlttki. The operating char* 
acteristics of a spark plug arc determined by its design, 
the characteristics of the engine in which it is installed, 
and the type of engine operation imposed upon it. 

(I) The temperature th.it the portion of the core 
insulator en post d 1o the hot combustion gases will .is sunn: 
in a given engine is an important characteristic of a spark 
plug. The operating temperal ur-c js" inherent on Spark- ■ 
plug design. It is determined by the resistance of the 
internal heatexchange path in ihfc spark plug. This 
path is gene rally from the core insulator tip to the lower 
internal-gasket seat, through the gasket to the spark- 
plug shell. anJ into the cylinder- head material through 
the external gasket, The longer this heat path, that is, 
the greater its resistance to heat flow, the higher will be 
the operating temperature of the spark plug. A satis- 
factory spark plug for a given engine is one whose op- 




erating temperature is not so cold that it will oil -foul 
when the engine is idling nor so hot that it will cause 
pre- ignition at maximum engine output. 

(2) Aircraft spark plugs formerly used incorporated 
mica insulation, both in the firing chamber and in the 
shielding barrel. This material was subject to moisture 
and lead absorption and. therefore, was not entirely 
satisfactory for spark-plug insulation. Aircraft spark 
plugs now in use incorporate ceramic insulation which 
is not subject to lead or moisture absorption and which 
has a much greater resistance to high temperatures than 
porcelain material used in automotive spark plugs. In 
addition, ceramic material is more adaptable to mass- 
production methods than is mira material. 

(3) Operation of a spark plug (Sparking) h ac- 
companied, by removal of metal from both the ground 
and center electrodes (gap erosion). The effect of such 
erosion is to increase progressively the spark-gap width 
and consequently the voltage required to force a spark 
across the gap. Too wide a gap will result In misfiring, 
rough engine operation, and perhaps even detonation. 
Periodic removal of spark plugs is necessary to reset the 
gaps to within the allowable limits. This is particularly 
true on airplanes which operate at high altitudes. The 
insulating efficiency of the less dense air at these altitudes 
■S considerably reduced and the con sequent electrical 
leakage may so reduce the voltage available at the gap 
that sparking will not occur when the gap width is above 
the designated limits. Latest design ceramic spark plugs 
incorporate a resistor in the center electrode. This has 
the effect of reducing gap erosion because the added 
resistance in the high-tension circuit reduces current flow 
at the instant of gap breakdown (sparking). 

•I. MAINTENANCE, a. Magnetos, (1) Check the 
breaker assembly by removing the breaker cover and 
inspecting for general cleanliness, damaged or worn cam 
follower, and proper felt lubrication. If major defects 
are found replace the breaker assembly. In the pivot less- 
type breaker, cam- follower wear is indicated by a small 
depression where the cam follower lifts against the end 
of the main spring. The clearance between the cam 
follower and the main spring is checked with t he breaker 
assembly removed. Felt lubrication is satisfactory if oil 
appears un the surface when the felt is squeeEcd with the 
fingers, If the felt is dry and requires lubrication, do 
not apply too much oil for the excess oil may be thrown 
onto the contact points during operation; this will cause 
the points to burn and pit. Oil must not show on the 
surface of the felt except when the felt is squeezed , 

(2) Check the main breaker spring for proper tension 
with an appropriate spring-tension gauge, 

(3) With the breaker assembly installed, check fur 
worn or loose cams and cam bearings by turning die 
engine crankshaft and measuring the opening of rhc in- 
tact points for each lobe of the breaker cam 

{4) When checking the condition of tlie contact 
points of the prvotless-type breaker, do not raise the 
main breaker spring beyond one- sixteenth nf an in b 
(clearance between the contacts), A further .separation 
may weaken the spring and result in faulty operation. 
If contact points are excessively burned or pitted, thev 
should be replaced (see applicable Technical Order). 
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(5) Check the intern jE timing of the breaker contact 
points. With the pivotless-lype breaker points, use a 

timing tight or a thin sinp cf shim stock. Do not use 

cellophane Or cigarejte piper because lit the danger of 
leaving a Hny piece between the points. As the crank- 
shaft is turriL.L the light will indicate point opening or 
the shim stock will become free when the straight edge 




Figitrw 204. Cbtikmi the itmitg of tbe bttAer tvkLwt fioiuh, 

is lined up with the timing rn.iTks {fig, 201), Permissible 
service tolerances {maximum distance; which may be 
permitted between the straight edge and the timing mark 
on the rim of the breaker homing) are given in the 
Technical Order for die particular type of magneto. If 
tbe adjustment is not satisfactory, the lock screws A 
(%. 189) are IcicKened. the eccentric pin B (fig. 189) 
rotated until flic proper adjustment iv obtained and then 
screws A (5g, 1B9) are rctij/htened. The adjustment is 
rechecked. When checking ilu- mil tact-point clearance 
on the lever-type breaker, rotate the engine crankshaft 
until the le^er rests upon the peak of any lobe uf the 
cifn dnd adjust the contact- point clearance in accordance 
with the applicable Tuiiriu.il 0:dcr. 

(6) Check the distributor head and distributor finger 
for cracks and results of electrode arcing. Check the 
distributor finger tur seiuritj.' at mounting. Check dis- 
tributor block and rotor for c"lcskn|iness It ..irhon dust 
or oily finger prints are found on the distributor block 
they should be removed. If the distributor is dirty, clean 
with acetone and a stithy-bristled brash. Check for stick- 
ing or broken brushes. Determine that proper ventila- 
lion is heing obtained by checking lines and or vent 
screens tor cleanliness. 

17) Magneto ball bearings and gears do not require 
lubrication between overhaul pi nod*, 

(K) Check security' of magneto mounting. 

i L > ) 'I III' i i '..i initios individually checked white the 
engine is operating at cruising manifold pressure. Op- 
rntc the engine on one of the magnetos for 15 seconds 
and observe the tachometer to see that the decrease iit 



r.p.m. does not exceed the amount specified in the Tech- 
nical Order. The .switch ihuuld be turned bark tp I he 
tT boih" position to allow the engine to operate normally 
before the nther magneto is checked. Magnetos wbjen 
permit an excessive ioss of r.p.m. should be replaced 
after definitely determining that the magneto is the cause 
of the r r p,m. loss. 

(10) When it becomes necessary, during magneto 
maintenance, to disconnect the primary ground lead, be 
sure this lead is grounded. When the primary ground 
lead is open the magneto Is in the "on" 1 position, 

b. Sparkplugs* (l) Check the termini] connec- 
tion of unshielded spark plugs for condition and security, 

(2) Check the barrel cure nut (of mica- insulted 
plugs only) for tightness and if it is Loose, remove the 
plug for tightening; special tools are used for the tight- 
ening process. After tightening, the gap clearance is 
checked. Before reinstalling,, check the threads of the 
spark plug for evidence of damage and apply specified 
lubricant to the threads of the base, 

(3) Check the shielded spark-plug elbow terminal 
and shielding nuts for condition and security. A stmg 
hut ftphfop-tigbt fU is desirable* 

(4) Check shielded type spark-plug terminal for 
mechanical or insulation failure and for accumulation of 
moisture. 

O) When spark plugs are removed from an ungm*, 
they should be set ouH in a row for comparison. Be sure 
to identify each plug with the cylinder from which it 
was taken. Before installation, visually inspect the 
ceramic core and shield ing-barrr.1 insulator for cracks and 
check gap clearance for proper tolerance in accordance 
with the applicable Technical Order, 




Fi&ttre 203. D& net u$hie» films excessively 
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(ri) If the plug is clean and the metal parts show 
sign of overheating, the cylinder his been running "hot." 
This indicates pie-ignition, detonation, or inadequate 
cooling. 

(£) If the plug is generally dean but is wet with 
gasoline or covered with a film of fresh oil, no conclusion 
should he drawn on this basis alone; the appearance of 
the plug may hive been caused by conditions which were 
present at the moment the engine was stopped. 

(e) tlaked carbon on a spark plug is evidence of ex* 
cesssive oil consumption or that the plug has not been 
firing because of magneto failure terminal^! re defects-, 
or a hi Curs of plug to clean-up after starting. 

{4) A thin Layer of black soot On the nose of an 
insulator which otherwise appears free from deposits 
may be an indication that the plug has not been operating 
hot enough. If this condition exists, check in Technical 
Orders for approved plug for that engine. The plug 
may have to be changed. 

(<S) Use proper tools when removing or installing 
spark plugs, Install new gaskets where necessary and 
do not tighten the plugs excessively into the cylinder 
bosses (rig. 20?), This is very important. The use of 
an excessive installation toioue will tesuit in stretching 
of the spark-plug shell with resultant loss of the gas- 
tight sen I, This, in turn, will allow gas leakage and 
high-tension failure and. in more severe cases, complete 
loss of internal parts. 

c. Ignition switch, (l ) Check the switch mount- 
ing, terminal connections, plugs, and leads for security 
and condition, 

(2) With the engine running at approximately one- 
third throttle, turn the ignition switch, momentarily, to 
the "off" position; if the engine does not entirety cease 
hring, a defective switch and /or connection are indicated. 



During the tesi h the engine must not be excessively hot. 
The period when the switch is in the H 'off" position must 
be brief to insure that an excessive charge of fuel does; 
not accumulate in the cylinder or that the spark ptugs do 
not become fouled with oil, U the engine does not cease 
firing when the switch is placed in the "'off'" position , 
the engine can be stopped by cutting or? the fuel. After 
the engine has stopped, do not rotate the propeller until 
the cause of the trouble has been found and corrected. 

dn Ignition he-osiers, If a hatter-operated ignition 
booster is installed, check the contact points for condi- 
tion. Dirty Or pitted points may be resurfaced with an 
oilstone and then washed with carbon tetrachloride. If 
no vibrating sound can be heard when the switch is 
closed, check the battery circuit at the switch and coil 
terminal. This trouble, provided the battery circuit is. 
complete to the coil, probably results from defective con- 
tact points or open primary winding- if the latter is true, 
the booster will he replaced. If the vibrating sound can 
be heard when the switch is closed and the booster does 
not furnish secondary voltage, the probable trouble is a 
defective secondary winding and replacement of the 
booster is required. 

». Ignition eabl*. (1) Check ignition manifold, 
for cracks, denti r moisture, anchorage, and lead connec- 
tions. Check spark-plugs leads for broken nr worn con- 
duit, and securing of lead attachment* to spark plugs. 
Check spark-plug lead terminals for contact broken 
springs and ceramic insulation, also for security of at- 
tachment to lead cable. 

(2) Trouble in the ignition cables is usually the result 
of rough handling of spark-plug leads, vibration, or 
loose cable clamps. Sometimes excessive engine heir 
and adverse weather conditions Cause trouble within the 
ignition manifold. 
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SECTION XJ 



MOTOR SYSTEMS 



89. GENERAL, Electric motors on in airplane produce 
mechanical motion from dntrhal power tor the opera- 
tion of a great number of units. Some of the units 
operated by electrical motors are the starter, landing^gcar 
mefrunisjn, trim tabs, retractable landing Eights, electrical 
variable- pitch propeller, fuel pump, engine-cowling flaps, 
de-icing equipment, dynamotor, inverter, turret, wing- 
flap mechanism, heaters, propeller governors, bomb- bay 
doors, hydraulic pumps, automatic pilot, etc. 

90. DIRECT- CURRENT MOTOR CONSTRUCTION, 

a. The direct-current motor is constructed in much the 
same way as the d-c generator. However, the windings 
are usually heavier, particularly the field windings of a 
series motor. Usually the motor is not built as heavy 
as the generator since it is used for shorter periods. 
Figure 20f> compares 3 motor to a generator. An ei> 
ample of a motor being used for a short period of time 
is the starter motor. It is used for Jess than a minute 
to energize the starter. 

b. The following parts of a d-c motor are similar to 
ihose ot' -i d-c generator (hg r r 



(1) The mm**** it the rotafmg p.irt of the motor. 
The parts of the armature are the shaft, commutator, 
lOsc, ill d *3 r c i l j. r ll n* 




MOTOR 



Figvrr 206. Ditert-rnrrewt RtntrAof W molar. 
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(2) The jittf msietnbli is mounted in the (tunc 
along the uiner wall of the housme.. The fteid u*emhly 
» jtijJc up 0/ the pole pieces in J field winding, 

(5) The hrtut tsitmbij consists of the brudiei and 
brudi holden and is usually huill into one of the end 

Krt whkh forms the Support for one of ihe bearings, 
brushes ride on the commutator and itervc to Con- 
duct electricity to the commutator and through it to the 
armature windings, 

(4) The tud fran/f opposite the commutator is usually 
ijrM^ned (u tit the ECJf box nJ llie urtil ir u dnun^ 
The drive-end bearing is also located m this end frame 
(fig. 2o«) In .pedal cases ihe rod frame is 

machined as i fun of the unit the motor driven When 
this i» done the hearing on the dme end may be locited 
in Atij one of a number of plactv 



91. TYPES OF MOTORS, a, Gimnl. There are 
fundamentally two typL~> ot d c motor* the ihunr- field 
motor an J the neries-field motor. In some special in 
*U I] at ion* a compound motor in used. 




HlMr, JOSr J«i JhJ Htittti HM-ttt motor. 

b, 5h unpaid molar The diunt- field motor has 1 
hijjh- resistance he I d h innert cd itro« t he armam re. The 
tned of a »hunt motor can be varied with a rheostat 
placed in series with the field (fig, 209), The speed of 
the motor will vary insxrsely *t(h (he applied lirtd mi* 
rent, (hat is, an increase of held current wtU slow down 
the motor. The shunt motor ha* tlie characteri«tic of 
maintaining a tonstim speed under hud. The shunt 
motor hai a very low starting torque, whuh eliminates 
it from some applications on the airplane, however, it is 
used on pumps, inverters, in the amplydyne circuit for 
turret*, etc. 

e. 5*rl4t~Aild motors. The series motor has a 
few turns of low resistance wire for the field which is 
conricLtcd ki mtmo with the armature (ngur* 210). The 




series motor has the characteristic* of hijeh speed arid 
high *tjrtitt£ lufijuc. The speed of the motor varies with 
tht lo*d tlw motor is always directly coupled wi|h 
the load. The series motor Hill rlj apan due to speed 
when run withuul a Inad un rated voltage. This motor 
ha>. ttulr lim* un modern airplanes. Several variations 



of the series motor are used 
genera! charai.teti sties. 



they jll 1 1 ate the same 




ixia 



FigMrt HQ. Sarm-uU mutat* 

d. Compound- wound motors. IT* compound 
motor iv und where the Lumbined iharjhterislu,* of the 
shunt- and series-held motors ire devred — that ts. where 
a. motor which will run m 1 soniewhai ion*tant speed and 
luvc a greater Waiting totque dun a shunt motor is 
doited. 

*. Rtvftning the direction of rOlalion. In IS) 

rect-current mumi the dirt-uian 01 rotation may he 
reversed by (.handful the di return of current hW in 
cither llie arnutme or the field, hut not both. The two 
1 iMhllhin methods nt rever>tiiu the dirnlion of I lie rota- 
tnni of a motor art ^\>ht £ekl jnd D.P.PT. (double- 
[Mile double •thru* ) swmh. 
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(1) Spl It- field motors *te uW where the two direc- 
tion? of rotation of the motor are required. The split 
field is actually two field windings wound in opposite 
directions on the same pole pieces or two separate' fields 
-wound on alternate pole pieces as shown in figures 211 
pod 212. 

(2) The D.P.D.T. .switch is a. means of changing 
the dineitiiin ui lurrent flow in en Jilt iht armature or 
field, Figure 213 illustrates the reversing of the current 
through the ht I J with the armature current remaining 
unchanged in JutLtJun. 



FIELD 




Figure 21& Stria moter uiih tu-a i tpjraJt fdiit wu*4 on 
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Figurt 21}. Strut motor u-itii duuMe-pult Jokhte-thrw 

tu-itsb. 



91. MOTOR CIRCUITS, fl, El«fric*l retraction »f 
landing g»*r. One type of landing-gear retracting 
motor with its circuit is shown on figure 214. A train 
of gears is employed to reduce the speed and increase the 
torque, A torque-overload release dutch is built into the 
device as a safety factor. Limiting switches, rnedidnctally 
operated by the landing gear, open the circuit to the 
solenoid switdtes and thus present over-travel of the 
ianding gear nr damjgc to the motor. A magnetic en- 
gaging clutch may also be incorporated in the system to 
engage the motor with the retr.iami; mtdun:>ir: only 
when the motor is energized In the event of failure of 
the electrical system, the pilot may operate the retracting 
mechanism* manually without the dead load of the- gear 
train and motor, 

b. Electrical proptlUr. An electrical controtlahle- 
pitch propeller is used extensively with pursuit airplanes. 
The pitch of the propeller is changed with a split-field 
series motor. The motor torque is transmitted through 
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a train of gears to a gear which is connected to the 
propeller blades (fag. 211). The pitch is increased in J 
decreased by driving the motor in the required direction' 
The direction of motor rotation depend* upon the fid J 
The complete electrical system is shown in figure 



C- Cowling-flap motors. The flip-motor assembly 
is a remote means of opening and. closing the cowl flaps 
which govern the flow of cooling air Over the engine in 
radial-engine installations. The electrical circuit is shown 
in figure 217, 



GOVERNOR 




d* Anti-i»r pump motor. A small series motor 
is used to drive anti-icer pumps which furnish the pro- 
pollers with anti-ieer fluid. The amount of fluid fur- 
nished is L DntroELed by ii .soul 3 rheostat which varies the 
speed of the motor. The electrical circuit is shown in 
figure 2 IS. 

Hydraulic- boa iter motor. The hydraulic boos- 
tcr-pump motor and its linuil are \huwn in figure 219- 

f. Tu#l boflsler-pump motor. The fuel booster- 
pump motor circuit is a simple circuit requiring only a 
switch and fuse as controlling devices (fig. 220). 



93. TROUBLE SHOOTING, p. Gtntral. In trouble 

shooting on the different motor systems several 
troubles ate common to motors and their systems. 

( I } Ch,itterhi£ relay su-hrh. The chattering of a re- 
Lay' switch ii>n:r<\l-iii; the mnlur n i:Mi.il3y .- _nis- »: by H i 
low battery, The open-circuit voltage, of the battery is 
sufficient to close the relay, but with the heavy current 
draw of Che motor, the voltage drops below the hold- 
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voltage on the relay. This permits the relay to open. 
When the relay opens the voltage of the battery will 
again increase enough to close the relay. Giattering is 
very harmful to the relay switch as the heavy current wilt 
cause an arc which will bum up the contact a. • 

(2) Nott-optfttifon. Non-operation of the unit, 
where the fuse is nQE blown, is usually caused by an Open 
circuit. The open in the circuit can be traced with a volt- 
meter (switch On) as. shown in figure 22\. Start from 
the power source; whenever a zero reading is observed 
on the meter, the open is between that point and the last 
point where a voltage was indicated. 

(3) Gtaund 'or short {bfown repiacement fuse). 
With fuse out. disconnect lead at motor and check hack 
for grounds using an ohmmeter. Disconnnect each lead 
so as to isolate the trouble in one lead or unit (fig, 222). 
Where the ground is in the connector plug, the plug 
shell must be checked by holding one terminal on the 
shell. 

b. Motor trouble shooting, Whenever the motor 
has been definitely proved to be At fault by a voltage 
check at the terminals, remove the unit and disassemble. 
(Consult Technical Orders covering the individual unit.) 

(1) Check armature for binding; armature may be 
locked by gear tnu'n, etc. 

(2) Check field and brush assembly for" opens or 
grounds, 

(3) Check armature visually for condition. 

(4) Check armature for ground with ohmnleter or 
continuity li^ht between commutator and shaft, 

(3) Check armature for short and open on growler. 

(6) Note condition of commutator and brushes. 



94. MOTOR- SYSTEMS MAINTENANCE, a. Check 
all wiring, connections, terminals, fuses, and switches for 
general condition and security. 

b. Check relay switches and clean points in accord- 
ance with the Technical Order covering the unit- 

e. Keep motors clean and mounting bolts tight. 

d. Check brush lengths and spring tension. Brushes 
and springs should be replaced when necessary in accord- 
ance with Technical Order covering the individual motor. 

a. Sec that new brushes are seated properly and com- 
mutator cleaned with 000 ur rinrr sandpaper. 

f* Lubricate, if called for by Technical Orders cover- 
ing the unit. Motors which are used on aircraft usually 
require no lubrication, 

g, Adjust and lubricate the gear box or unit which the 
motor drives in accordance with the Technical Order 
covering the individual unit. 

hu Check all other parts that may be listed fur check- 
ing in applicable Technical Order. 
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SECTION XIJ 



STARTING SYSTEMS 



95, GENERAL. In early type aircraft, engines were 
small and -could be started by manually turning die pro- 
peller. With the development of more powerful engine*, 
special starting systems were devised. No single type of 
starter will serve for all types of engines, Brief descrip- 
tions of cranking systems, including those which are not 
electrical are listed in this section. Table IT], gives the 
characteristics of some aircraft starters used at present, 
In some cases the clutch setting of starters listed in Table 
I If may be changed for adaption to engine* with different 
cubic-inch displacement than that indicated. Applicable 
Technical Orders should be consulted for informal! un 
relative to the intcrchangcability and clutch setting of 
^tiUlcis. 

96, PRINCIPLES OF THE INERT! A START 6*, An en- 

gine of considerable power or one having extensive ac- 
cessory equipment imposes a heavy load upon the crank- 
ing mechanism. To obtain the necessary starting torque, 
the inertia starter is frequently used- The cranking 
ability of the inertia starter depends upon the amount ai 
energy stored in a rapidly rotating flywheel, that is, 
energy is stored slowly during the energizing process 
and then the energy is used, in a very short period of 
time, to crank the engine, Consequently, a great deal 
of power can be obtained from the rotating flywheel for 
a short period of time. This energy is sufficient to 
rotate the engine crankshaft {under ordinary conditions) 
three or four times at a speed of approximately 80 to 
100 rp.m. If the engine uses magnetos for ignition 
this speed may be less than its '"coming-in speed"' (the 
minimum crankshaft speed at which the magneto wit! 
function adequately) and therefore an ignition bousrer 
is usually installed on the engine and operates while the 
inertia starter is cranking the engine, There are two 
types of inertia starters; the hand-cranking* type, in which 
the flywheel is accelerated by hand only; and the com- 
bination li and -cranked and electric type, in which the 
flywheel is accelerated either by hand crank or electric 
motor During the energizing of an inertia starter, all 
movable parts within it. including the flywheel, are set 
in motion, 

97, HAND INERTIA STARTS*. Figure 223 shows * 
hand inertia starter, A sectional: view of this starter is 
shown in figure 224. When a hand Crank is inserted in 
the crank socket and the Crank rotated, the speed of all 
movable parts is gradually increased with each revolution 
of the crank. One revolution of the crank increases the 
speed of the flywheel 100 or more revolutions, depending 
upon the model, Most of the energy used in cranking 

DioiliZBd by x_iOO^ilC 



the starter is stored in a rapidly revolving flywheel. A 
pull rod, figure 225, or a cable is used to mesh the starter 
jaw with die engine jaw after the required r.p.m. ot' the 
flywheel is reached by cranking. The energy stored in 
the flywheel is transmitted to the starter ja* through 
.speed-reduction gears and * torque overload, release, 
which consists of a multiple- disk clutch under spring 
pressure. The rlL'Sch prevents daclaM to the; si irttr in 
case of an overload or engine kick-bacL If, for any 
reason, the engine .crankshaft cannot rotate, the dutch 
will slip until the flywheel comes to rest The El 1 ipse 
clutch consist of one set of disks fastened to the LjE! 
and another set (of a different kind of metal) fastened 
to the barrel. Springs are used to press the disks ln- 




g ether and the retaining ring which compresses these 
springs may be adjusted to set the value of the slipping 
torque, The normal operation of the clutch is to slip 
for an instant after the starter and engine jaws became 
meshed, but, while slipping, a torque is exerted on the 

crankshaft until the nUlial resistance of the engine is 
overcome and the dutch is able to hold again. The 
specified values of the break-away (maximum holding) 
and slipping torque of the clutch arc in accordance u nl 
the sise of the engine to be cranked. 

?8. Combination inertia starters, a. 

combination hand and e let irk inertia- type starter usl- : ,t 
gear and clutch arrangement simitar to that of the hand 
inertia starter. The starter shgwn in figure 226 ^ I lie 
hand-tranked type ro which an electric motor has been 
attached. The flywheel 

may be accelerated by either a 
band crank ot electric motor. When the staritr i . 
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flywheel. Whenever the motor rotates more slowly dun 
the flywheel, the rollers become free and the motor n 
automatically disengaged. There is no need to wait for 
the flywhed to come to a stop before reenergizing this 
electric motor, This type starter is very effective when 
used as a combination electric inertia and direct cranking 
starter. When used in this way, tlie fly wheel is energized, 
as in the inertia starter, and then the starter jaw ii meshed 
with the engine jaw; at this moment, the motor is en- 
ergized again, as in i direct cranking starter, Thu adds 
tne energy oi tne motor to ice energy or tne rotating uy> 
wheel. 

c. In other types of inertia starters,, such as the type 
G-6, JH-5 and JH-10 series, the flywheel is mounted on 
the motor shaft (fig. 229). Thus, the inertia of the 
armature is added to that of the flywheel. In the early 
and JH-10 scries, the brushes of the electric motor 
are lifted from the commutator by spring action ( 
230) and caused to go down by solenoid action- 
some models, the motor is turned off (by raising the 
brushes) when the starter jaw is engaged with the en- 
gine; while on others., the motor i* permitted to remain 
running. Thus, by direct cranking allium, tht engine 
is rotated through several additional revolutions before 
the energy of the starter is eshj usted. Later designs of 
this brush-lifting starter <JH-5r: and JH-5F) use four 
brushes. These brushes are lifted manually for hind 
cranlcing, is a, flywheel is connected directly to the motor 
armature. In order to lift the brushes, the hand energiz* 
ing lever must first be pulled as in the hand meshing 
of die starter. On completion of the hand energizing,, 
the starter may be engaged to the engine by again putt- 
ing the hand-meshing lever. To operate the Starter 
electrically, after it has been used as a hand inertia 
starter, die meshing solenoid must first be energiied 

Eg lower the brushes pnlu ihfc cOmrrtutjtgr, On a similar 

type starter of jrwthcr nuke the brushes are 



lifted by moving a small knob on the motor end of the 
starter to the "off" position when the starter is to be 
hand energized. The knob must be returned manually 
to the "On" position before the starter can be energised 
electrically. Figure 22? © shows the "cm" and ' 'off- 
positions controlled by the knob. 

99. INERTIA -STARTER ELECTRIC MOTOR. Series- 
wound 13- or 24-voit d< motors are employed with elec- 
tric inertia sorters, The constructional features of the 
motors are similar to those of the d-c generator. The 
electrical resistance of the windings of the motor used 
in an inertia starter is very small so that the instant due 
starter switch is closed, the current draw is extremely 
htgh^ this results in a powerful starting torque. Aa the 
motor gains, in speed, induced counter-electromotive 
force causes less rut rent to (low, An inertia starter motor 
which draws- approximately 3\0 amperes at starting will 
draw appro* [purely 75 amperes at high speech the value 
will depend upon the load. If the load is entirely 
removed] and if the internal friction of the motor is 
small t it will "face" and the armature may "burst" from 
centrifugal stresses. For this reason, it is not safe to 
test an inertia starter motor at full voltage unless there 
is a load upon it. 

100. INERTIA STARTER SWITCHES (STARTER RELAY 
ANO ENGAGING SOLENOID SI. o. When the starter 
is located same distance from the cockpit, the inertia' 
starter motor is usually operated. by means of a solenoid- 
actuated switch controlled from the cockpit The starter 
relay (fig. 231) is usually mounted in a junction bus 
near the starter. When the cockpit control switch is 
closed, a current of low amperage energises the solenoid 
causing the solenoid plunger to advance and compress 
a spring. This action closes the relay contacts and <om- 
pler.es the battery circuit through the Starter motor. 
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When the required flywheel speed of (he starter is 
reached, the cockpit control s» itch is opened, the solenoid 
coij fact its magnetism ■ the spring mam the solenoid 
plunder (o its original jo^tjon, and the iiarter circuit is 
thus opened. 

b. When electricai control of the engagement of the 
inertia starter is desired, i meshing solenoid is used. The 
nifi hjiii-.iu of the meshing solenoid is similar to that of 
the starter relay except thk the plunder of the meshing 
Glenoid ii connected to the starter jaw-engaging lever. 
A meshing solenoid is shown in figure 732, 
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A diagram of j typical LnerLi* st jzter electrical sjv 
tcm is shown in figure 233. When the ignition switch 
is placed in the "both" poajrioo, battery voEtage retches 
the cockpit control awjtcL ]f the Jitter u placed in (he 
"energize" position, the starter relay is thereby close J 
and the inertia starter begins to speed, When sufficient 
speed has been reached, the cockpit control twitch is 
placed in the "engage * position. This actuates the 
meshing solenoid and at the same time energizes a 
booster coil whkh supplies high voltage to the trailing 
distnbutor firmer of Lhe right-hand magneto until the 
cockpit consul switch is released. 

d. The circuit shown in figure 2hA will not permit 
the rtarter to he used u * direct cxaokang nailer. In 
order to operate a starter, cither for direct or inertia 
cranking, a twitch arrangement must be provided to 
encr^i/e both the mohing solenoid and starter »«Uy at 
the same time, A conventional system for single- and 
j i f ^nts i § s1"lo^ fi d rt Jj^.LbJF ci ■_ 3**^ ■ 



101, PIU EC? CRANKING STARTEtS. o, OtrMrd. 

Another typa of itarter is the electrical-cranking type 
This starter, when energized electrically, provides instant 
and continual cranking. The starter coniiiti basics Hy 
of an electric motor, reduction gears, and an automatic 
Cnpg'fS disengaging mp^aniiiii which is Operated 
through an adjustable torque aver load release dutch. 
The engine is cranked directly by the starter. There is 
no preliminary soring; of energy as in the inertia type 

b. Portobl* itortart. With the increasing size of 
airplanes and the increasing number of engines used, 
much weight can be saved by having the starter gear box 
and a separate portable starter motor. When this method 
IS used only one motor is needed for any number of 
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engine The gearbox is mounted directly on the engine 
and a smalt ftcxlble shaft connects the gear box to a small 
coupling at the cowling surface. The shift of a portable 
electric motor is inserted into the coupling. The mar or 
is connected directly afld |iaS r speed nf appr 0xim»tely 
5 to 4 thousand r.p.m. The- clet+ric motor can receive 
its power from the airplane battery or from a portable 
power supply through a suitable ping arrangement To 
date, this design has been limited to direct cranking 
starters only.. Also, no provision has. been made to crank 



102. HAND-TURNING GEAR-TYPE STARTER, This 
type of starter may he used on low horsepower engines 
where a source of electrical power Is not available. 




c-e 

Figure 229. TW* S °f Unrfert. 

Digitized by GoQgle 



Using a gear ratio of £>:!, an engine rated up to 2)0 
horsepower may thus be started by hind. The starter 
consist* of a gear assembly which operates an automatic 
engaging and disengaging mechanism through an adjust- 
jbk- torque overload release clutch. A ratchet is provided 
on the hind Crankshaft to prevent the possible trans* 
mission of any reverse motion to the crank handle. 

103, PORTABLE FIELD STARTING SYSTEMS* The 

purpose of the various types of portable held starting 
units is to eliminate the manual Jabur required to Operate 
hand stance and (with the electric starter) to minimize 
discharge of the aircraft battery^ especially when starting 
the engine in cold weather, Two types, of portable 
starting systems in common use are the portable battery 
cart and portable energizer 

a. An effective method to supply power to the air- 
plane's electrical system externally is through the "ex- 
ternal power source"' receptacle (fig. 235) ^ "The external 
power supply may be either a battery cart or a generator 
driven by a gasoline engine. Often the power source 
is a combination of a gasoline engine-driven generator 
and a battery. The external source of power is always 
equipped with a flexible cable and a plug which fits the 
receptacle on the airplane. 

b. The portable energizer consists of" an electric motor 
which will operate either from an alternating- or direct- 
current L 10- volt circuit. The electric motor is attached 
to a gear reduction unit which has some type of totque- 
I imiting crutch for overload protection, The drive shaft 
□f the portable energiier sticks out from the driving unit 
and engages with the crank socket of the engine starter. 
A trigger switch is used to control the electric motor of 
the energizer. Some energiiersi have a friction clutch 
similar to that used in the starter; however, the clutch 
is set with a slipping torque of approximately 70- foot- 
pounds. In another type of energize^ a fluid clutch is 
located an the motor shaft; this clutch is of a design 
similar to that used in modem automobiles. In order to 
make the cnergiker usable for both right-hand and left- 
hand starter^ a means of reversing the direction of the 
energizer is always provided; one method is to reverse 
the direction of the motor rotation \ another method is 
to change the final drive shaft from one side of a gear 
assembly to the Other. To use the energizer with an 
inertia starter, the drive shaft is inserted into the pro- 
truding starter crank socket. The drive shaft pin fits into 
the spiral slot of the starter socket and accelerates the 
starter flywheel. As soon as the desired cranking speed 
is attained, the trigger switch is released and the 
energizer removed from the starter socket thus allowing 
the flywheel to ran free. The operator may then en page 
the inertia starter with the engine. The energizer should 
never be used to drive the starter when it is engaged to 
the engine, as this may cause serious damage to the 
energizer or injury to the operator. 

c. The portable electric power plant (fig. 236) Consist!! 
of a generator driven by a gasoline engine, Although it 
may be used to energize various units of ground equip- 
ment which require llO-volt direct-current power, its 
principal use is to furnish power for tire operation of the 
portable energizer. The speed of the unit is controlled 
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by * governor. If it becomes necessary to increase or 
decrease the ip*c4i t^js may be accomplished by varying 
the tension of the governor spring. The voltage of the 
generator is control Ecd by a field resistor located In a 
terminal box into which the extension cord of the portable 
energizer is plugged. 

104. MAINTENANCE, a. G«n*raL Starting equip- 
ment should be checked for security of mounting, tight- 
ness of bolts, and proper saf crying. Check for breaks or 
cracks in housing? and flanges. Equipment should be 
lubricated whenever necessary. 

b« Slotted (1) When installing a starter on the 
engine, first remove the cover which is placed over the 
starter jaw for shipment and storage, and match it with 
the engine jaw. Check the jaws for the same direction 
of rotation, the same number of teeth, and the same si*c- 
With the starter jaw engaging rod properly adjusted for 
correct travel, determine the clearance between the starter 
jaw and the. engine jaw T with tlie starter jaw in a retracted 



position. This clearance should be approximately 1/16 
inch. ( deck Technical Orders for c*act measurements. ) 
This clearance be adjusted by adding shims or giatctfs 
between the starter flange and the mount J ng pad. 

(2) To check the operation of an incrti4 starter t hold 
the control, switch in the "start" position for the time 
required to bring the flywheel up to speed and then move 
the switch to the "mesh" position. When ihe engine 
starts, release the switch which should return to its neutral 
position. If the engine fails to start and the starter jaw 
remains meshed with the engine jaw t it will be necessary 
to turn the jpropeller by hand (with magnetos ot7} part 
of a revolution in. the direction of rotation to release the 
starter jaw before operating the starter again. 

(3) To check the free turning of ^ear*. ike flywheel 
is energized and, without meshing to the engine, is 
allowed to "run down/' (Cheek with the Technical 
Order for the correct H 'free-coasting'" time.) 

(4) Electric circuits should be csamined for loose 
terminals. 
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{}) If ope tiring troubles are experienced wiLh either 

merits » determine the ciuse T ud, if netnurf, replace 
faulty units. 

c- Motor. Maintenance of a motor \% concerned 
jnunly with brushes and commutator, 

( 1 ) Remove the motor brush strip and check for worn 
or binding brushes. Short brushes should he replaced. 
New brumes ire stated with a fine .grade of » nil pi per 
(No. uOo) inserted between the brunh arid commutator 
and pulled m the direction of rotation. Ten brush 
ipringi for correct tension. 

(2) Dirty commutator and bmshet are cleans J with 
i J nit- free ckrth moistened, wiih carbon id rich Ion de or 
unooped gi*oline- 

(5) Commutator* are smoothed in accordance with 
the Technical Order for the particular starter. If the 
uinunuutor ii badJy scarred, replace the motor or the 
entire starter if the motor is not detachable* 

{4) Motor jaws shouid be checked to see that they 
do not hind on the shaft. 

(5) If the motor is to be tested with no load, use 
approximately hill the voHage normally required. 



(6) If the motor should fail to operate,, check the 
electrical cm mo before replacement of motor or starter. 
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SECTION XIII 



ELECTRONIC TUBES 



105. GENERAL D, ElecuiCil lie l uit 5- are usually con- 
fined So dosed metallic paths in which Eh? current may 
Bow. However, with the use at e I ci ironic tubes a current 
tin be made to flow in a vacuum or gases. The electronic 

■ lube is sometimes called a vacuum tube, or a thermionic 
valve, 

b> The electronic tube wu originally developed for 
radio work. Today, a great number or different types 
of" tubei ate in use in man; different types of aircraft 
electrical equipment such as automatic pilot, turbo- 
supercharger regulator, radio transmitter and receivers, 
interphone system, etc. Figure 2J7 shows some typical 
vacuum tuba and symbols- In the fallowing paragraphs 
the fundamentals Of the electron if tube and 1 few simple 

106. FUNDAMENTALS OF THE ELECTRONIC TUBE, 

a. In any conductor the elements making up the con- 
ductor have a great number of free electrons, When % 
current is flowing in the conductor, the electrons are said 
to be in motion and traveling in a definite general direc- 
tion. The ctectroni are *d» in motion whenever a metal 
is heated. When the temperature of I lie metal is high 
enough the electrons will increase their speed and actu- 
ally leave the surface of the mcttl. In the electronic 
tube, a heated u lament is used to supply the electrons 
(fig The filament is heated by pasimg electric 

current through it. Within limit*, the hotter (he fi lament 
the greater the number of electrons given oil Abo, to 
increase the number of electrons given off, the filament 
or cathode is usually coated with chemical compounds. 
Wtth just the hot filamertt the electrons fofm in a cloud 
about the filament This cloud is negatively charged 
because the electron is a unit of negative electricity. 
When this cloud of electrons (space charge) becomes 
dense enough, the electrons, are forced back into the 
filament as fast as they leave it because the elytron is 

— ■ — — — I I - J A JL a-i h 

repcuea dj a negative cnargc, 

b. In tome tubes, especially those designed for a-c 
filament opttifcwn, a heated element is used instead of 
the open wire filament (fig. 239). This part of the rube 
is called the cathode It is usually cylindrical in shape 
and incloses the heater which heats the cathode to a red 
heat. In thii Case the heater is iniulated from the rath* 



107, DIODE fUBfS, tr. Construction* If * plate 
i supplied with a positive potential) is incorporated in 
the lubes, l he electrons given ofl by the filament will be 



i Ftf^ftcj to I lit p"ljfi7 Tliis -LyOfiil itu£c5 i- current flo^v 
from the plate to I he h lament or cathode <%. 240). The 
electrons, being negative charges, are attracted only to 
a positive object. Whenever the plate » negative, the 
elect rons will not be ittncted to the plate and no current 
will Bow in the circuit (fig. 241). 

b+ If »i. The diode or 2 -element tube is used prin* 
dpi My as a rectifier. When one plate is used the tube 
is said to be a half- wave rectifier. See figure 242, When 
two plates are used the lube becomes a full w*v C rectintr 
(fig 343). 

10V. T RHODE TUBE. 9. Construction. The trtode 
tube use*, in addition to the plate and fihuncnf. a third 
dement called the "'grid," which consists of a fine wire 
mesh or screen between the plate and filament. See 
figure 144, 

b. The operations of the filament and plate are the 
same as in Che diode tube. The purpose of the grid 
is to control the electron flow between the filament and 
the plate. See figures 243 and 246. As the voltage 
on the grid is made more positive (less negative) the 
plate current will increase. Conversely as the grid voy- 
age is made less positive (more negative), the plate 
current will decrease. The grid is usually negative with 
reference to the cathode. One method -uJ making the 
grid negative is to use small battery connected in series 
with the grid circuit. The ope rating characteristics of 
the triode rube can best be shewn from a set of curves 
(fig, 247). The negative voltage Or bias on the grid 
required to reduce the phtte current to zero is called 
the cut-off voltage. The grid current is aero until the 
grid is made positive. However, for positive values of 
grid voltage * grid current will How. This current is 
usually very small because the grid has a smaller arei 
than the plate and the plate has a greater attraction for 

e> The triode tube is manufactured in a great many 
different sizes and types for many uses. The most 
important use is as an amplifier tube. When the tube 
is used as an amplifier a small variation of grid voltage 
will produce a corresponding variation in piste current 
(fig. 24&). Trie plate voltage « furnished by * high 
voltage buttery or d-c power pack (B supply) through 
* scries resistor or transformer primary (fig. 349). The 
variation of plate current will set up a varying voltage 
in the resistor or primary of the transformer. This volt- 
age will then be much greater than the voltage applied 
to the grid To get the desired amplification, several 
tubes and tlidr circuits are usually connected in series. 
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109. TETRIODE TUBE. a. Construed c-n. The oper- 
at iing characteristics of the triode can be improved bjr 
the addition of a fourth element — the screen grid. This 
grid is placed between the control grid and plate (fig. 
237 ®). 

b> Operating characteristics. The tetriode Of 
screen grid tube is used for the same purposes as. the 
triode. It has a higher amplification iactor and lea 




Figitrr HU. A frii mfiifitnli} mtxtHtt r w>U keep ail Jjfcf 

interference between the elements of the tube. The 
screen grid is supplied with a steady d-C voltage slightly 
lower' than the plate voltage. The screen grid aJwap 
Jivi'jys a current, However,, due to its small area and 
tire stronger attraction of the plate for the electrons, this 
current is quite small. 

110. OTHER TYPES OF ELECTRONIC TUBES, a. 

The pentode tube has replaced many of the triodes and 
tdxiodes. It uses a fifth clement known as the "sup- 
pressor grid" (ftg. 237®). This grid h connected to 
the filament or cathode. The connection may be inside 
the tube or in the circuit. The purpose of this element 
rj to prevent secondary emission of the pljte and further 
increases the shielding effect of the screen grid in the 
tuly;. The pentode has a very high amplification factor 
and is used to amplify very weak signals. 

b. Other types of tubes include those with the char- 
acteristics of several tubes in one. Often two tfiodes are 
built into one tuhe r Also, a rectifier diode and an 
amplifier triode are often found in one Cube. 




c* Another type of tube known as a "power output 
tube" is designed to pass a. Jarge current in the finaJ stage 
of an amplifier. The "beam -power" tube is a special 
design of a tetrode or pentode where the elements arc 
arranged so that the electron beam can be directed most 
crlectjvely. The oean> power tube is very sensitive but 
Still has a hisih outnut 

111. IDENTIFICATION OF TUBES, O. General. 

Electronic tubes vary in siw from very small hearing-aid 
tubes to large radio transmitter tubes. The type of tube 
used in each Case will be determined by the job it has 
to perform. 

t>. Numbering and lettering of tubes. Each indi- 
vidual tube type has a number, Tn considering the 
electronic-tube field as a whole, there is no definite. 
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numbering system. However, in recent years radifr ruhes 
have been systematically identified with numbers and 
letters. In the older types of radio tubes where only 
number* ire used as n, <j5 f etc., the njmbcr has no 
connection wLth the tube except as an identifying number. 
Generally a number and letter identification (Radio 
Manufacturers Association (R.M.A.) designation) witl 
tell several things about itself. The first number indi- 
cates the approximate filament or heater voltage. The 
letter has nothing to d& orhcr than to identify the tube 
as to type. The next number designates how many 
elements have been brought out to terminals, but is not 
the cumber of prongs or connect ions on the tube. Often 
a. letter is added on the end to designate various features 
such as M (metal tube) - G (glass tube); GT (small 
glass); GL (lock type base), etc. Tubes of different 
types with the same characteristics tan be recognized by 
having certain letters and numbers the same. For ex- 
ample, the 7A7G, 12SA7 and 25A7GT all have the 
same working characteristics as indicated by the A and 7 



which appear in t&ch case. The rt. U t and 25 indicate 
the approximate heater voltage. The £ before the A in 
the case of E2SA7 indicates the tube is single ended. 
In this case the grid Lap is eliminated and the grid is 
connected to a prong in the base, The <SA7G, and 
12A7G ate glass tubes which look dike. The 25A7GT 
is a small glass tube* 

112. MAINTENANCE, cj, Gtntral. Electronic rubes 
require no maintenance other than keeping them prop- 
erty placed in their sockets, As the tube is sealed, no 
internal maintenance can be done to the tube. 

b, Ts*ten T Tube testers with switches and adjust- 
ments bare been designed to test all types of tube*. As 
a J] malce-i of tube testers; are of a different design, the 
instructions for each individual tester must be followed 
in each individual case. Tubes should be tested and 
replaced according to the Technical Order covering the 
individual piece of equipment. 
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SECTION XIV 



LIGHTING 



113. FUNCTIONS Electric £i K htJn£ serves three im- 
portant functions in military urcraft- for illumination of 
instrument^ cockpits, cabins and landing fields; f or mark- 
ing the position of the airplane; and for indicating certain 
additions of the aircraft Or its equipment by means of 
indicator lumps, 

1H. REFLECTORS AND COVER GLASSES, a. Re- 

Hector* arc used in lamp assemblies to redirect the light 
emitted from the incandescent filament,, into the desired 
zone. Different types of reflectors may be used de» 
pending upon the service for which the lamp assembly 
is intended. For example, in a landing lamp, where a 
concentrated beam of highest candlrpowcf is desired, a 
parabolic reflector with a polished surface is used (fig. 
2^0), In a recognition lamp assembly, from which a 
wide beam of Eight is desired, a spherical reflector with 
a diffusing surface is used. 

b. Cover glasses protect the interior of the tamp as- 
sembly from dirt. In addition, they may be Colored to 

115, EXTERIOR LIGHTING EQUIPMENT, a. land- 
ing lights. t H Landing lights are extremely power- 
ful and are directed! at an angle which will give the pilot 
the maximum assistance in Landing on unlighted airports 
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and field*. The liglits may be located midway in the 
leading edge of each wing (fig. 1)1) or streamlined into 
the airplane surface. The landing lights draw a high 
current. A relay, remotely controlled from the cockpit 
may be used to control each Ijunp. Both the control 
circuits and the lamp circuits are fused for safety. 

(2) In some installations, retractable landing lamps, 
set into the under surfaces of the wings, are used. Icing 
of the lamp lenses is thus greatly reduced. The installa- 
tion is usually made as shown in figure 252, It is possible 
to lower or retract the light and to turn it off in the 
extended position. The landing-light motor has a split- 
field winding (fig. 253). The center terminal of the 
field is connected to one of the brushes- The Otbef 
brush is grounded through the coil of a solenoid which 
fits a brake shoe. This brake shoe is held by spring 
tension against the motor shaft. The other two field 
terminals are connected to the outer terminals of the 
control switch $ through contact pints C and D. When 
the landing light is retracted, points C are pushed upon 
by the geared quadrant and joints O are closed by spring 
tension. If switch S is now placed, in the "lower" posi- 
tion, the battery current which passes through the com- 
pleted motor circuit encrgiics the brake solenoid, with- 
drawing the brake shoe so that the motor may turn and 
the lamp will start to lower. After approximately 10 
degrees of movement, contact A touches and rides along 
copper bar B, lighting the lamp. When fully lowered, 
the projection on the end of the gear cjuadfant opens 
contacts D thus stopping the motor and reengaging the 
brake. If the control switch is now placed in the "re- 
tract" position, the motor will operate in the opposite 
direction* 
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b. Navigation or position tig Mi. A set of navi- 
gation lights is the minimum exterior lighting equipmeni 
for aircraft operating at night. The set consists of one 
red h one green, and one white unit. On more recently 
built aircraft each unit consists of one limp streamlined 
into the aircraft surfaces to which it is attached On 
some of the older aircraft, each unit consists of 2 lamps 
streamlined into the surface. The green lamp is mounted 
at the extreme tip of the right wing and the red lamp is 
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similarly located Cm the [c|r wing. The white lamp it 
usually located on the verticil stabilizer in such a position 
that it may be seen through a wide angle when viewed 
from the rear. The wing-tip lamp units axe connected 
in, parallel and are controlled by a single switch in the 
pilot's compartment. This switch has two 'W posi- 
tions one of which is connected to the lamps through 
a resistor (fig. 2J4) . This gives the pilot the choice of 
two intensities for the wing-tip lamps. The tail lamp is 
sjmtiarty connected tnrougn a separate i^itcn. 

c. Formation lights. Formation lights are used on 
certain military aircraft for night formation Hying. On 
huflc Aircraft, thii set of lights consists of nine blue 
lainps. Three ate installed in a straight line running 
along the upper surface of the fuselage and three j re- 
placed on the upper side of each wing or on the horizon- 
tal stabilizer (fig 253), The formation lights are not 
visible from the ground yet they provide sufficient illu- 
mination for gluup nurnMivLTA with all other ! :;f: :■; 
turned off. The format ign lights arc controlled through 
a twu-pwition switch, one position of which » connected 
to the lamps through a resistor thus giving the pilot the 
choke of two intensities. 

d. Recognition lampi, Airplanes equipped for 
night (lying are usually supplied with upward and down- 
ward recognition lights. The upward recognition light 
is located on the top side of the fuselage and emu-, a 
white signal visible from any position above the Airplane. 
Three downward recognition lights are located in the 
bottom of the fuselage or the right wing. The down vur.l 
rcx-ognitwn lights emit red, green, and amber sign.ik 
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visible from my position below the Airplane. AU four 
recognition lamps ace controlled from j iwirch boot in 
the cockpit snd may be kn^d (usually by means of i 
pushbutton) to give * prearranged recognition signal 
(fig. 256). 

*. Fitting llflbri. A passing light may be irKluded 
in the lighting system for use on or neat civiJ airways 
at night The lamp (generally controlled bv • simple 
toggle switch) is provided with a red lens, and is located 
in rjir Ir.LJui^ tif^c of the left wiii^i ]r i>. umt.I mi Jiidi- 
rion to the regular wing-tip navigation lights and as 
a precaution j^iinst <.ollmOA when meeting other Air- 
craft. Set figure 251, 

1 formofiort bomh-rtl.m. ilgnol light. A for- 
mation bomb- release ligruJ Ixmp assembly ii located in 
the tii! of bombardment type of airplanes. This tamp 
assembly gives i white signal when the airplane is ready 
to release bombs and i red signal for a few seconds 
immediately after i bomb is released, ]r is used u ui 
ttid to formation bombing technique 

116. INTERIOR LIGHTING EQUIPMENT, «. In- 
itruntant and cockpit lighting, (I) Indirect light- 
ing of the instrument panel may be provided by lamps 
set in the p*r»rl The light From ttW limps is dii- 
tributed ovrr :!ir entire instfWicrit panel by i rrrlraor 
panel which has openings for observing the various in- 
st rumen is. i nrs metnoa is nor wiaeiy usee] in 
Air Fortes airplanes. 

(2) Individual instrument. liahW is provided 



some of the older aircraft by means of small J-voli butt* 
which are mourned within the instrument case These 
nil lamps are operated from the generator battery sys- 
tem by inserting resistors in series with the lamps. The 
3- volts netev>a;y for the instrument bulbs may also be 
obtained from a winding on the tn^enct oi from the 
auxiliary box as desenbed in the following sub* para- 
graphs. 

(3) Fluorescent lighting is another form of instru- 
ment or eockpii lighting. It eliminates I he vjjfc which 
is so common m other types of lighting. The lamp 
assembly (%. 257) consists of a shell, a special Jens 
which will pass only ultraviolet light, a screen to regulate 
the amount of light* and an automatic starring switch 
(glow lamp) . A screen is used for passing visible light 
also. Instruments used with this type of lighting have 
the dial figures punted with a material which is sensitive 
to ultraviolet light. When the invisible ultraviolet hght 
is directed on the instruments, the figures ire outlined 
in a soft glow which makes them very distinct even 
though Mipjc is no visible light coming from the lamp, 
The voltage for the ultraviolet lamp may be obtained 
from ei titer an inverter or i so-called auxiliary box, 

f» The inverter changes the direct current of the 
generator battery system into 110-volt iherneti ng cur- 
rent wiih i frequency of approximately 400 cycles per 
second. The inverter is a special type of induction, coil 
having a double action vibrator (fig. 258). The vibrat- 
Cn£ efcmefrt sends pulsations of current. BiceeMively. in 
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alternating current in the jecondirics. One secondary 
operates the fluorescent tamps. Another secondary pro 
vides 3-?ott a-c to Operate the instrument lights. The 
resistors R lt R$ and condenser C t art primary circuit 
dementi which improve the operation of the inverter. 
The inverter is provided with a choke coil K and con- 
densers Q and Q as a filter system; the input and Output 
leads are shielded to eliminate radio interference, 

(i ) When the aircraft is equipped with a central 1 10- 
volt, 400-cycle a-c power supply, the fluorescent lamps 
may be operated by an auxiliary box. 'I lie auxiliary box 
(fig. iy) ) includes, a reactor for each fluorescent lamp 
and a stepdown transformer for the 5-volt instrument 
bulb. 

(4) Another type of fluorescent lighting fixture is 
known as the type C-5 Lamp assembly. This lamp assem- 
bly operates directly On the 2H-volt direct-current system 

consist* of a small fixture containing a special 4-wntt. 
28-vnlt fluorescent [amp and is equipped with a light 
Alter which transmits only the invisible ultraviolet light; 
however, the Alter may/ be opened to obtain visible light. 
The lamp is controlled by a combined starting switch and 
intensity rheostat mounted on the instrument panel (rig*. 
260 and Z6\) t 

(5) Many airplanes are now equipped with a small 
incandescent spotlight known as the type CA cockpit 
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lamp assembly. The beam from this Lamp assembly may 
be focused to either a small spot or to a wide beam of 
Jight. A red filter is provided when minimum light is 
desired during a bombing mission. The lamp assembly 
is equipped with i combined "on-arf" switch and inten- 
sity control rheostat (fig. . 

b. Cabin and poking* way lighting. The cabins 
and passageways are illuminated by dome lights properly 
Located in the Ceihnc Of sides of the airnlanc. 

■ ^ p ^ mm rm n ■ ■ ■ una! v i 
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Fi&tr* 2)1. Cvrkfiil lamp uncmbl) 1 flftemfrnth 

Indicator KgMi. Indicator lights are used for 
various purposes such as indicating the position of land- 
ing gear, bomb-bay doors, etc and to indicate other 
conditions, of the airplane Or its equipment. In the more 
a, cm Ufx's (it in Linear |jmp ;^scmhH:.-i. ,in arrangement 
is included by which the intensities of the signal may be 
varied to suit the nilot, by simply turning the outer cap 
of the lamp assembly (tig. 263) , 

d. Inr*r- com rn unit aKen call light. Some air- 
planes arc now equipped with inter-communication call 
lights by which personnel at different stations in the 
airplane may signal each other, Each call light consists 
of an indicator light and keying switch, 

117. MAINTENANCE, a. Check all visible wiring in* 
eluding connections, terminals, fuses, and switches for 
condition and security, 

fe + Keep kmp lenses and reflectors clean and highly 

Sihed. If a reflector is found to be cloudy, remove 
ler with acetone, polish with a mixture of lampblack 
alcohol in J rclacquer. If it does not remove cloudi- 
ness, reflectors will be removed and turned in for tcptat. 
ing. Inasmuch as cloudy reflectors are usually caused by 
an air leak around the lens, install a new gasket when 
the lamp is reassembled. Exercise care to insure proper 
focus and alinement, 

e„ The cause of malfunctioning of the lighting equip- 
mtui may K- luLi^-d hy systematically testing each l^inp 
circuit with a continuity (ester. 
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SECTION XV 



WIRING SYSTEMS 



110. GENERAL WIRING FEATURES. Virions types 
is/ aire f aft do not have identical electrical systems, but 
certain typical features arc in genera] use. Tine inter- 
relation of the more corrtrr>on futures of a power distri- 
bution system are shown in figure 264. 

o. From the battery and generator, feeder hnes carry 
Current to the main bus, which is considered the central 
point for the distribution of electrical energy to the vari- 
ous electrical devices. Both the battery and generator 
feeders are generally provided with master or main- line 
switches to enable all current to be cut off in one quick 
Operation, as may be desirable in an emergency or when 
toting- Tliese switches may be controlled remotely by 
means of relays. 

(1) The main bus if a copper bar enclosed within a 
metal junction box. Branch-circuit fuses are usually 
attached to the screw terminal of the bus; from these 
fuses, wires fun to control switches in the cOckpit and 
then to various electric* E units located throughout the - 
aircraft. 

(2) In some installations, other buses, fed from the 
main bus, arc located in compartments occupied by the 
radio operator^ gunner, or other personnel, and serve as 
centers for the distribution of electrical energy to a special 
group of devices, 

b, When the battery master switch is closed, any 
device directly connected to the main bus may be operated 
at any time by means of its Individual switch. Certain 
devices, on tlve other hand, are connected to the main 
bui througli a safety switch and auxiliary bus arrange- 
ment. The auxiliary bus is referred to frequently as the 
sjfety bus. 

(t) Although the magnetos are entirely independent 
of the generator-battery system, the safety switch is often 
incorporated in the same assembly as the magneto switch, 
Tor esample, in a jingle-engine safety ignition switch 
three of the terminals are for the magneto system, the 
remaining two (often designated B and B. awx. or 3*1- 
and Aftx.) serve to connect the main bus with the auxili- 
ary bus. 

(2) The pirot-tube heating element, the electric 
starter control, and other equipment which ordinarily 
should not be operated unless the aircraft is in flight 
or the engine is being cranked, are connected to the 
auxiliary bus, Thus, these devices cannot be operated by 
their individual cOnffot switches before the pilot has 
turned on the ignition preparatory to starting. Also, no 
damage or current waste can result because of failure of 
the pilot to turn off these devices at the end of a flight, 
provided lie has shut off the ignition. 

126 



c. (i) The lead wire from the positive battery termi- 
nal proceeds first to one terminal of the motor- starter 
switch because the starter-motor circuit draws the heaviest 
current and rcouircs conductors of very low resistance. 
Therefore^ the battery, starter motor, and Starter switch 
ate generally located as close to each other as practicable, 
to allow their heavy leads to be as short as possible. The 
line which cujinetts the bus to the battery may then b£ 
a lighter cabfc, 

(2) In some installations the starter and main bus are 
connected to a heavy connector: plug. This plug is 
located so as to permit easy connection to a battery cart 
or a ground power plant (fig, 

«L (1) Wires used in aircraft electrical systems earty 
an identifying number. This number may be prefixed 
with a code letter to identify the general circuit of which 
the wire is a part. When replacing a defective wire,, no 
splices are permitted, and a complete new length of wire 
is installed, of a type, length, and size in accordance with 
specifications, Before the wire is installed, a band of 
cellulose tape is wrapped around it near each of its termi- 
nals. The identifying number is typed on the tape, and 
a protective coating of shellac applied. With this means 
of identification, * Circuit can be traced and tested easily, 

(2) A connector panel is a pane[ of insulating mate- 
rial provided with terminals which are insulated from 
each otlu-r. Each terminal serves as a convenient junction 
for a wire to be connected to one or more lengths of wire. 

119, WIRING. a. Pow*r table* The power in the 
electrical system is transmitted from the source to the 
unit through a system of wires and cables. In any elec- 
trical circuit, a conducting path must be provided from 
the source to the unit and from the unit back to the 
source. Fn most airplanes, the return path is through the 
framework or other metal portion of the airplane's struc- 
ture. 

{ 1 } Cable (Omirart'ton. The aircraft cable is con- 
structed of a large number of small, tinned copper wires. 
The use of a large number of wires makes the finished 
aircraft cable more flexible. The wires are braided or 
twisted together and then covered with an insulating: 
material. The insulation may be varnished! cambric or 
any other suitable insulating matetial. In table IV are 
listed Army- Navy specifications for aircraft cables. The 
siie of the cable is designated in the American Wire Gage 
number (A.W.G.), In the Army Air Forces, only even 
number sizes of cable are used. The size ^fIcs from 
No. 20 to No, 00 (2/0). The larger the number the 
smaller the table. Consequently, No. ifj is the smallest 
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cable and No. 00 is the targes*. The ampere rating or 
current rating of a cable depends upon the cross section 
nrQA of the cable. The fuse capacity gf any cable IS the 
maximum current the cable wit I safely carry. 
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(2) J/?f r^' fdi^f, Tn choosing [he «ze Of cable for 
any particular installation the cable must be selected with 
the correct {or bightr) current rating. The ]ft drop, in 
the cable, mint not exceed 1 voll for continuous duty or 
2 volt* for intermittent duty. (28 volts are used in mak- 
ing any JR drop calculations) . Often a certain s2w 
cable wiH carry a load as far as the heating effect is 
concerned but because of its length, the voltage drop in 
the cable becomes excessive, [n this casc h a larger cable 
must be used. 



(3) Rmtrng of tabUs, In modern tactical aircraft, 
conduit is eliminated, wherever possible, to facilitate the 
wide reparation of able*. Its elimination, atso facilitates 
cable installation and maintenance and, in addition, saves 
weight. Where there is wide separation of tables thc- 
air plane electrical system becomes less vulnerable to gun- 
Ere. In the individual routing of cables, particular care 
must be taken that the airplane structure is used to tlie 
best advantage as an electrical shield for the cable. 
Channel* and even the surface covering of a metal air- 
plane will provide excellent shielding effects. In replac- 
ing a cable, particular care must be taken to replace it in 
the enact position in which it was originally installed. 
No attempt should be made to reduce the length of the 
cable by taking what may seem to be a logical short tut. 

b» Ignition cobl«. (I) Ignition cables need not 
have a high current carrying capacity, but irv.i*r K able 
to withstand a high voltage. Hence, the greater ponton 
of the cable is insulation, 

(2) Ignition cables used in the Army Air Forces ate 
oT two siies— the 7*mm is the standard size for neartv 
all original installations; a 5mm cable is being used on 
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tome of the newer installations and to replace some of 
the 7™ cable whenever 1 replacement is required. 
'The: 5 -mm cable has a better type of insulation and its 
smaller size facilitates Installation, If a 5-nim cable is 
used to replace a 7-mm cable, special adapting devices 
are used on each end (fig. 265). 

c. farming It and cannacrori. (I) A terminal is 
a device which can be connected to the end of a cable. 
Jt facilitates attachment of the rahtc to the source of 
power supply Or to the unit which is to be operated. 
Terminals are of two genera] types; the soldered terminal 
and the patent soldcrlcss terminal. 

(23 To facilitate removal and installation of wiring 
connections to electrical appliances, a conventional con- 
nector is used. 

(d) Ttftei md roniirfiitioft. Connector types are 
numerous, Plug assemblies are of two types: straight or 
yt) fl . Receptacle assemblies mjj' be of" the wjUl-mouiittng, 
boa; mounting, and integral- mounting typqs. To identify 
(he receptacle from the plug, the receptacle is always the 
Axed portion or the connector and the' plug is the movable 
part. Army-Navy specification numbers and letter; 
identify a connector's type, style, and arrangement. For 
example, a commonly used connector may be identified 
as an AN3106-29^S plug with am AN51 02-28-5 P 
receptacle. 

AN — Army-Navy ' 
$106 — Specification number for plug 
5102 — Specification number for receptacles 
2 Size of the shell 
5 — Contact arrangement 
P— Pin contacts 
3 — docket contact^ 



The connector mentioned is lined tin 1 2.8-VoIl, 
UhO-ampc.Tr gi.ner.ikjr apt mi. Yi^\:c 2oC-. hbown the 
parts. and proper nomenclature of the connector. 

Mnmte*Mn*t. If a connector is to be replaced 
in a cErcalE, disassembling^ soldering, and assembling 
must be properly done (fig. 267). 

«i Junction panels. In the modern airplane, cables 
are run from one end of the airplane to the other through 
several junction boxes. ProtisLon must be made to re- 
place and inspect these various cables. If the cables were 
in am: piece, from the source to the unit, fifeatef difficulty 
would be encountered in replacing the cable; hence, ter- 
minal boxes and strips- are provided for the connection 
of the cables. Cables are never spliced between junc- 
tions; if a cable is damaged, it is removed and replaced 
with a new one, 

e- Shielding. Shielding If the enclosing of cables 
or electrical units with metal. The purpose of shielding 
is to cause the high-frequency voltage (interference) to 
be induced in the shield rather than in the adjacent units. 
Shielding is used where one unit is to be protected from 
the effects of a high frequency turrent in a unit near it 
or where a cable is to be protected from radio frequency 
noise- An example of this would be the flexible, metal 
covering about the radio antenna. 

f. Bonding, CO Construction^ A bond is usually 
made up of a flexible metal strap provided with a termi- 
nal at each end. The bond can be made of either alu- 
minum or tinned copper wire, However, care must be: 
taken not to place two dissimilar metals in contact with 
one another. Brass, bronze, copper, and steel in contact 
with aluminum will result in corrosion, especially when 
In the presence of moisture. 
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b, Fui*s. A fuse is a strip of metal bridging the 
ends of two wires in a circuit, the metal having a very 
low melting point. Most fuse* afc made of m aJloy 
of tin and bismuth; however, some arc made of copper. 
If the fuse is made of copper it is called a current It miter. 
The current li miter is used in sect ionali zing the airplane 
circuit. A fuse well melt and break the circuit whenever 
the current becomes excessive, whereas a current limiter 
will it and considerable overload far a short time. There 
arc a number of types of fuses. The Ones most used in 
the Army Air Forces arc the "plug- in" type Of the "clip" 
type. The capacity of the fuse will alwayi be slightly 
higher than the anticipated load on the circuit, 

c< Circuit breaker*, (I) A circuit breaker is a. 
manually operated switch which 1ms a mechanical trip- 
ping device- it well break the circuit when the current 
reaches a predetermined value. The circuit breaker is 
often used in place of a /use and it may eliminate the 
use of a switch (fig. 26s), The circuit breaker can bo 
made to control a number of circuits as shown in the 
diagram. Several types of circuit breakers are used by 
the Army Air Forces. The magnetic type operates by 
the pull of an electromagnet on a small armature which, 
in turn, trips the breaker. 

(2) Another type of circuit breaker is the thermal - 




(2) Usfi o\ bonding. Bonds are used to tie together 
electrically any parts of the metal structure of the airplane 
which Alt not already ftn integral part of the airplane. 
Any part of an airplane which is movable or is connected 
by a hinge, etc., should be bonded to the main structure 
of- the airplane. This usually can be done with a bond 
only a few inches En length. Some of the most important 
units which require bonding are engine to mount, 
ailerons to wing h radio to the airplane structure, cowling 
flaps to the support, and conduit to airplane structure, 

(3) Afdrnfararf*, Maintenance rrmmcmenrs ar e 
that the bond be intact and make a good electrical con- 
nection at all times. In replacing a bond, care must be 
taken to make a good metal contact. If, in preparing 
the surface for the bonding connection, the surface has 
to be cleaned with sandpaper, tare must be taken nut to 
damage the Original finish on the metal. Bonds should 
be placed in such a position as not to interfere with the 
operation of the unit and not be damaged or broken loose 
because of the motion or vibration of the unit. 

120. ELECTRICAL SYSTEM PROTECTION, G*n- 

eral. Various devices and arrangements of circuits are 
used to protect the electrical system of aircraft from 
damage and failure. 
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overload breaker Or switch. When a bi- metallic strip 
becomes heated, it will bend iway from a catch on the 
switch lever and permit the switch to trip open. If a 
circuit breaker is used, the switch must be turned all 
the wav "off' then bads to the "on" position to put the 
circuit back in operation. If the overload is still present, 
the circuit breaker will again trip without damage to the 
circuit, 

d. Circuit protectors. A circuit protector is a device 
which automatical I v Opens the circuit whenever the tem- 
perature of the mil becomes excessively high. It has 
two positions, automatic "orf" and automatic "on." If 
there is a fault which will cause the temperature of a 
motor to become excessively high (a locked rotor, for 
example) the circuit will be broken intermittently. This 
may permit the motor to break loose and complete its 
operation. The operation of the circuit protector is 
accomplished by a hi- metal disk or strip which will bend 
and break contact when it is heated. On cooling, the 
bUmetal disk will assume its original position and" close 
die contacts. 

■ . S*diono!iiblion. Section*] ization is a proposed 
plan for the arrangement of an electric circuit which pro- 
vides alternate paths for an electric unit to receive its 
power (fig, 263). At each junction current li miters aie 
placed in the circuit. Fuses arid circuit breakers can be 
used in place of current limited; howci^r, rhc circuit will 
not function as welL Circuit breakers have the advantage 
of not requiring replacement. Since sectional Ration pro- 
vides an alternate electrical path to a device, it could be 
especially valuable to aircraft in combat. If an electrical 
path feeding a unit such as a gun turret haj been broken 
by gunfire, the turret can be fed by another path and 
wilt continue to operate. If a path has a fault such as 



a short circuit, the circuit will he so arranged that current 
from two or three lines will feed into the current Eimirer 
installed in the line having the short circuity and will 
break the circuit. Therefore, the faulty line will be cut 
from the circuit. The power will then be transmitted to 
the unit intended to be operated, 

121. WIRING DIAGRAMS. □. The manufacturer d 
the particular aircraft furnishes a wiring diagram of the 
electrical system. This wiring diagram is in blueprint 
form and is kept in the data compartment of the aircraft 
so as to be available at a] I times. The wiring diagram 
is helpful to the mechanic when making inspections, 
testing circuits, ami replacing electrical equipment. A 
small part of an aircraft wiring diagram is slwwn in 
figure 270, 

b. The type and atrial number of the aircraft, and 
various explanatory notes are gi ven on the blueprint. The 
wiring diagram is sub-divided by dashed lines to indicate, 
in a genera] way, the main sections of the aircraft. 
Dashed lines may also denote a junction bo* or other 
indosure and in some instances mechanical linkage. 

t. In addition to many of the common symbols shown 
in figure 7, various other symbols, as shown in figure 271, 
appear on aircraft wiring diagrams to designate items of 
electrical equipment A reference number is assigned 
to each separate item and printed (frequently under- 
lined) near the symbol which represents the item. 

(L) A table of equipment is given on the blueprint 
and each item of equipment is listed numerically. In- 
formation, for each item, inctudes its serial number, 
name or description, quantity required, Army Alt Fotfe* 
type, etc. Tabulation of equipment shown in part in 
hgure 272 includes some of the items shown symbolically 
In figure 270. 
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(2) The table equipment should he consu tted to 
identify a symbol and/ or to insure that the correct type 
of equipment wilt be obtained when replacement is re- 
quired. 

d. Cables which connect various units aie indicated by 
solid lines, vertical or horizontal. Vat identification, the 
same scriaE number which appears on the cable in the 
aircraft is printed somewhere along the J the which repre- 
sent) the cable on the diagram. 

(1) A wire table, shown in part in figure 272, is also 
given on the blueprint, and it lists the cables numerically. 
Information for each cable may include its, length, size, 
and types of tenrlin.il Luj^s. 

(2) The wire table should be consulted when a cable 
in the aircraft is to be traced or when a defective cable 
is to be replaced. When replacement is made, the num- 
bers must be nut on the new cable just as thev were «n 

i H . . . - . . ■ 



the cable which was repl 

a. Conduit is general)? represented! on wiring diagrams 
by a single solid line. At each end of the line a bracket 
is drawn to include all the separate cables entering or 
leaving the conduit. All cables entering a conduit at 
one point moat leave it at another point but not neces- 
sarily in the same ruder of entry. Care must be eXfxCdcd 
not to confuse conduit and cabEe lines, A conduit line 
may Or may not have an equipment number but it will 
never have a cable number. 

f. (I) Occasionally, a unit (or group of units) ap- 
pears in a separate sketch. Figure 27 Kj) illustrates 
a conventional method used tp show the relationship be- 
tween the sketch and the main body of the wiring dia- 
gram. 

(2) Some wiring diagrams use a complete ' code" in 



order to avoid many wire Crossings (figure 273(f)). The 
full length of a Cable is not drawn; only a small length 
extending from its terminals is shown. At each terminal 
of an item <?f equipment, various code numbers arc 
given, The wire connected to a terminal is represented 
by a number. Another number adjacent to the cable 
number designates the item of equipment to which the 
cable connects. When tracing a cable On such diagrams, 
the item of equipment is located first and then the 
terminal to which the Cable (which is being traced) 
connects. 

5, The service instructions in the Technical Order for 
a particular aircraft may contain diagrams of specific 
circuits assembled from the complete wiring diagram. 
Figures 274 and 273 are examples of such assembled 
diagrams. An individual circuit diagram is especially 
helpful when the mechanic is concerned with one particu- 
lar circuit only The service i nit ructions may abw con- 
tain equipment and cable tabulations compiled from the 
blueprint. 

(I) When an assembled diagram, as contained in 
service instructions, is not available or when it is desired 
to further simplify a specific part of a circuit, a detailed 
diagram may be used. Typical details of a wiring dia- 
gram are illustrated in figure 276, The essential features 
of the generator-battery circuit may be simplified by 
following the connections from the proper terminals. 
The cable, from the A terminal on the voltage regulator 
to the A terminal on the generator, passes through two 
lengths of conduit, a pull box, and a connector plug; one 
short line may be used to indicate this connection. By 
use uf this method, the features of the circuit mvf be 
simplified to the extent shown in figure 277. 
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(2) An approximate lay-out of the basic items of a 
single-engine aircraft electrical system i* .shown in 
figure 27 S, A diagram of thi$ direct-line type is particu- 
larly hrlpfiti when a comparative study Ei to be made 
of the electrical features of new models of aircraft. The 
simplified diagram may be drawn from the wiring blue- 
print or the diagrams, in the service instructions. 



123. CIRCUIT TESTING, If trouble develops in an 
electficat device, there are two general causes— the device 
itself maybe at fauit (burned out, damaged mechanical I y, 
etc.) or that part of the circuit leading- to or from the 
device may be at fault. Continuity testing refers to the 
checking process used to determine whether or no* there 
is a complete electrical circuit. 
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O. The circuits illustrated in (?), (t), and ® of figure 
279 include a portable- type of continuity tester therein 
,i-y fells are used as jt source of vutlage. A lamp Within 
the portable tester serves as the indicator. 

CO If the alligator dips of the tester unit were 
touched together, a complete tin u it wOlt.1 J he established 
and the lamp would be lighted, If, us- shown in u^uti 
279(T), the dips are brought into contact with the 
terminals of the resistor (or coils, etc.) under test and the 
lamp does not light, an open circuit in the resistor is 
indicated. This Lest is conclusive only if the resistance 
of the unit under test is sufficiently low to permit the 
l^mp to Hghr. ff the resistance is too hi^h (more than 
approximately 10 ohms) a voltmeter (mounted on the 
panel of the tester) can be connected in the circuit in 
place of the lamp. If no deflection of the voltmeter 
pointer occurs, in open circuit is indicated, 

(2) In figure 279(s) the tester indicates the presence 
of a short circuit across the terminals of a switch which 
is the "open" position. 

(3) To determine whether a length of wire Ls 

— — — — -J — -J _ §. — — rum n | I i m I i i i — — — lIii J Z j-i n 1 r- IL I— _ — - , , 

grounoea it some point oetwecn trs rerrriinais, tnc s*ire 



is disconnected at each end; one test dip b hooked to 
the wire and the other dip is, grounded as .shown in 
figure 279®, If the wire is grounded, the lamp will 
I i^tu. 

(4) When the methods of continuity testing outlined 
ire applied to installations on the aircraft, the disconnec- 
tion of a number of wires may be necessary, 

b. To test for open circuits in wiring and equipment 
installed in aircraft* the aircraft storage batter) 1 may he 
used as a source of voltage and a voltmeter with Long 
flexible leads used to test the circuit. This method of 
circuit Eesting may be illustrated by reference tu a s i m p I l: 
aircraft circuit containing a 12-volt battery, fuse, swikh 
and landing map, The following procedure mi? k 
applied to any branch circuit which is fed by the haitt-ry. 

( I } First, draw a simple wi ring diagram of the 1 1 rmiit 
involved, as shown in of figure 279- For this purpasc, 
the wiring blueprint or the service instruction ..bagrams 

2) If the lamp lights when the switch is dose^ die 
to he erpected in each position rjf ilie volt' 
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meter j s shown by the voltnftcter symbol, 1 ! in figure 2790. 
If the iampdoes net light, check the battery tor normal 
voltage. The negative test clip of the voltmeter is 
attached to any convenient ground connection; the posi- 
tive test clip is connected to the battery end of the fuse. 
If the voltmeter reads zero, it must then be determined 
whether the battery is at fault or whether the battery leads 
to ground or fuse are at fault. If the reading of the 
voltmeter is approximately l? volts^ no defect 13 indicated 
up to this point and the test may be continue J along the 

(}) The negative clip is kept connected to ground.. 
The positive clip is moved from point to point along the 
circuit With the diagram far a guide ; test ruth unit and 
length of wire (by attachment of positive clip to its 
terminal) until the first tero reading is obtained. An 
open circuit is indicated between the last point at which 
voltage was indicated and the point of first zero reading. 
Tli is is illustrated in figure by an open fuse, in 

figure 279(a) by an open lamp filament; and in figure 
27?® by an open lamp-to-ground connection, 

( i) When testing a lamp, it is to be noted that in 
figure 279® the voltmeter reads 12 volts when the posi- 
tive clip is connected to either terminal of the lamp. This 
means that there is no potential difference across the 
lamp. This is reasonable, because no current is flowing- 
through the lamp. (Actually, the voltmeter does alio*' 
some current to flow through it but this is not enough 
to light the lamp.) 



c. An ammeter should not be used in the methods of 
continuity testing described in tliis section because the 
ammeter his a very low resistance which WOuJd short* 
circuit the battery and damage the mctetr 

123, SOLDERING, a. General. Soldering ii join- 
ing of two metals by the use of a third metaJ which has 
a lower melting point. The third metal is commonly 
called solder. For aircraft electrical use, solder is usually 
composed of 50 percent tin and 50 percent lead. The 
solder rnay he melted by an electric soldering copper 
or a soldering copper heated by a blow torch. 

b. Pr# pa ration. To make a good soldering job on 
aircraft wiring, proper equipment, proper heating tern- 
pcrature, and cleanliness arc of primary importance. The 
soldering copper should be in good condition. If the 
soldering copper has been heated excessively and is 
slightly pitted, it should be filed. Do not attempt to 
use a deeply pitted copper. It should go through a 
reconditioning process before usin£. If a soldering cop- 
per appears to be in good condition, it should next be 
tinned. Tinning may be accomplished by heating the 
soldering copper so that heat can be noticed when bring- 
ing the copper within 6 inches of the cheek. Then dip 
the soldering copper point in a paste Qui or rub the 
point on a block of pine wood containing re-tin. Applj^ 1 
enough solder to cover the surface of the point. After 
the soldering copper is properly tinned, the two units 
to be soldered should be prepared (cleanliness cannot be 
avcrstressed). If & conductor is to be soldered to a 
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terminal lug, remove the tri-suhdcin and H^apc sll foreign wire, tlie solder w[J[ not stitk properly. Heat the units 

matter from the wire, and apply a little soldering paste, as shown irr figure 2B0, After the soldering job is 

Attach the Conductor and terminal lug together and heat complete, the soldered units should be insulted. SoUcr- 

them with the soldering copper. CAUTION IN HEAT* ing of plug and receptacle connector is explained in para- 

ING COPPER: 1/ color a noticed on the terminal or graph L 19. 




SECTION XVI 

- 

AUXILIARY SYSTEMS 



124. WARNING SIGNAL SYSTEM. Landing-gear 
warning signals Wlr.il [he pilot Co lower true landing gear 
when preparing to J and and notify him whether -qr not 
the landing gear is down and locked. 

a. A diagram of a.' warning signal system 15 shown in_ 
figure 38 1, A switch is linked with each Jan ding wheel 
so that when the wheel is not down and locked, the 
switch is closed. The spring $ in the relay normally 
holds contact points C, closed. When the throttle is 
closed beyond 1 set point, the throttle lever closes a 
switch which, is mounted on the throttle control If 
either wheel is not down arid locked, the circuit to the 
boril is completed And the horn will sound. In the 
event that the pilot has no intention of Landing, he 
momentarily closes the horn- release relay switch, which 
energizes the relay, opening contacts Cy, silences the 
horn, 343 d closes contacts Cj. The horn -release relay 
switch is thus shunted, the relay remains energized, and 
the horn is inoperative when the momentary-contact 
switch is released, When the pilot reopens the throttle, 
the throttle switch is opened, and the relay is de-ener- 
gized, permitting contacts £, to reciose. When he again 
closes the throttle, the horn will sound, 

b. The signal system shown in figure 282 illustrates 
a combination horn and signal light landing-gear warn- 
ing system. The wheel switches are double-throw type 
and have no neutral position, consequently cine circuit 
or the other is always completed. IE cither wheel is not 
down and locked, the red lamps are lighted; in addition, 
the warning horn will operate when the throttle is closed 
beyond a set point. (A horn release relap may be added 
to the system. ) The green signal lamps arc lighted only 
when, bath wheels ire down and locked. The signal 
tamps may be dimmed, for night flying, by means of 
dimmer resistors, A test switch is incorporated to deter- 
mine if the hom is operative. 

125. INVERTERS. The function of the inverter is to 
change the d-C power, provided by the airplane, to a-c 
power for equipment which will function only on X< 
current. Alternating current is used for the operation 
of fluorescent lights, autosyn instruments, turbo-super- 
charger control, and other special equipment. 

a. Principles. (1) The vibrator type inverter 
switches a direct current intermittently through the pri- 
mary coil of a transformer. This action creates an a-c 
voltage in the secondary coil. The switching arrange- 
ment is usually called a vibrator. 

(2) The rotary inverter consists of a. d-c motor which 
drives an alternator (a-c generator) . The frequency is 
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governed by the speed of the motor and the voltage: 
output is governed by the strength of the alternators 
field, See figure 2&y However, in some inverters, 
compl rated winding arrangements have been used in 
order to gain the desired frequency and voltage control, 
where the motor and alternator are interconnected. Only 
the rotary inverters of 1 simple design will be treated in 
this section. 

b. Construction, One type of rotary inverter is con- 
structed with a motor armatme at one end of the shaft 
and the rotating part of the alternator at the other end 
of the same shaft. The field frame contains the field 
coils of the motor and the Starter coils of the alternator. 
The motor brushes ate located at the motor end of the 
frame. The Krtary inverter is built in a number of differ- 
ent sizes. The size is always determined bv the power 
output of the unit. The V.a, (volt-ampere J is the unit 
used to rate the alternator at a certain power factor; an 
example of this is the 400-cycle, 750-v^a,. inverter. This 
output is delivered at two voltages; 26 and 111 volts; 
the 26- volt output being 25t)-v,a. at 40-percent power 
factor and the 115-vok output, 500-v.a. at 90-percent 
power factor. The circuit of the inverter is shown in 
figure 284, The circuit shows a. set of points ihunred 
by a resistor and controlled by a centrifugal governor 
which regulates the frequency of the alternator, 

c. Troubl* starting. In trouble shooting the indi- 
vidual inverter, refer to the Technical Order covering 
inverters. 

d. Maintenance. The maintenance of inverters will 
be limited to brush replacement and general care. The 
bearings are sealed at assembly and will never require 
lubrication. Other services on the Inverter require spe- 
cial tools and should be done by qualified mechanics 
only. 

126. ELECTRONIC TURBO-SUP ER CHARGE R CON- 
TROL, d. Central. This rant ml system is a device 
which permits tile manual selection of a desired manifold! 
pressure and which automatically maintains the deuced 
manifold pressure within the limits of the turbo-super- 
charger by regulating the position of the turbo waste 
gate. The complete system consists of a bridge circuit, 
amplifier, and a wastc^gate motor. The power to operate 
the system is furnished by a 1 1 5 -volt. 400- cycle alternator 
qr inverter. 

h. Bridge circuit. The bridge circuit is a system of 
potentiometers connected across transformer secondaries. 
These potentiometers are controlled by a manual pressure 
selector, the carburetor inlet pressure, a governor, end 
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the movement of the waste-gate motor. The manifold 
pressure selector is a potentiometer manual])' -controlled 
to select the desired manifold pressure. In thu unit are 
mounted the calibrating potentiometers used to equalize 
the nun i mid pressure on all engines. The pressuretrol 
potentiometer is updated, by .1 bellows controlled by tile 
carburetor inlet pressure. The accelerometcr and over- 
speed potentiometers are controlled by a governor driven 
by the turbo, The balance potentiometer U operated by 
the waste'gate movement. The function of the bridge 
circuit is to furnish the amplifier with an a* potential 
of varying value. 

c t Amplifier, The amplifier builds up the incoming 
signal from the bridge through a double triodc tub.* 
(7F7) and delivers this amplified signal to the paralleled 
grid* of the two 7C5 disci i mi nator tubes (fig, 285). 
Hie TO tube which has a positive plate when the grids 
are positive will pis IS i Current to One winding of the 
■ waste-gate motor, The two tubes pass current 1140° out 
of phase with each other or of opposite instantaneous 
polarity which depends on the input JtgnaL The 7Y4 
tube is a full-WiVe ret ti tier which furnishes, d-C voltage 
to the ptjles Of the ?F7 amplifier tube. 

d. Turbo waste -gale molar. The waste-gate motor 
is a small two-phase motor. One phase (line-excited field 
winding) is supplied by the inverter through a series 
condenser and the other phase (amplifier-excited field 
winding) by the amplifier. The phasing of current sup- 
plied by the amplifier with the other phase .supplied by 
the transformer is determined by the two discriminator 
tubes, resulting in motor rotation in one direction or the 



other. The symbrunimi spu-cd of the motor is 12 ,.000 
r.p.m., hut due to slippage- inherent in a squirrehcage 
motor, its actual r.p.m, is much lower. The torque of 
the j not or is increased th rough n system of gearing to 
approximately 50 inch-pounds at the crank ami. '[ he 
crank arm is connected to the waste gate through suitable 
rods an J levers, 

e. Maintenance, In .sen- icing the electronic turbo- 
supercharger control system, particular care must be taken 
to keep ill leads in their proper order. Ml potentio- 
meters viUit be kept free of durt, dirt, finger marks, and 
uther foreign materials. Lubrication for the potentio- 
meters must he strictly m accord widi Technical Orders, 
Crossing of leads Or poor connections between potentio- 
meters and wipers will cause the entire system to mal- 
function, 

127. AMP LI DYNE. a. Amplidyne is the name given 

to a special control system of an electric motor through 
a motor generator set. 

b. The principle of the amplidyne circuit is to control 
the .field current in a generator driven by a constant-spced 
motor from the hattery supply; the generator drives a 
shunt motor which is used to operate auxiliary equipment 
(fig. 2B6). The advantage of controlling the field of 
the generator which drives the motor is that a very small 
controlling device can be used since only a very low cur- 
rent is required to excite the generator field. If the 
controlling; device were placed in, line controlling the 
motor, considerable current would have to be handled. 
The amplidyne principle is used to operate gun turrets . 
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